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PUBLISHEES’ PREFACE 


By arrangement with the American publishers of Professor 
Coness Key to North Aracrkan BinU, which has been for 
many years the standard text -book of Ornithology, we are 
enabled to present a new edition of those portions of the 
“ Key’" which have not less interest for the English tlian for 
the American public. 

The present volume consists of two distinct parts. 

Part I., entitled '' Field Ornithology,'' contains the necessary 
instructions for the observation and collection of birds in the 
field, and for tlie preparation and preservation of specimens 
for scientific study in the cabinet. 

Part IL, entitled General Ornithology,'' is a technical 
treatise on the classification, the zoological characters, and 
the anatomical structure of the class of Birds, in which the 
examples cited in illustration of the principles of Ornithology 
have for the most part been redrawn by the author from 
British instead of American birds. 

With the further exception of a few verbal changes, and 
slight abridgment in one or two places, made by the author in 
revising the proofs, the present “ Handbook " is a reprint of 
the portions of the “ Key” above specified. 
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FIELD ORNITHOLOGY 


Field ornithology must lead the way to systematic and descriptive 
ornithology. The study of birds in the field is an* indispensable 
prerequisite to their scientific study in tlie library and the museum. 
Directions for observing and collecting birds, for preparing and pre- 
serving them as objects of natural history, will greatly help the 
student to become a successful ornithologist, if he will faithfully 
and intelligently observe these rules. It is believed that the practical 
instructions which the author has to give will, if followed out, 
enable any one who has the least taste or aptitude for such pursuits 
to become proficient in the necessary qualifications of the good 
working ornithologist. These instructions are derived from the 
writer’s own experience, reaching in time over thirty years, and 
extending in area over large iiortioiis of North America. Having 
made in the field the personal accpiaintance of most species of N orth 
American birds, and having shot and skinned with his own hands 
several thousand spcciKiens, he may reasonably venture to speak 
with confidence, if not also with authority, respecting methods of 
study and manipulation. Feeling so much at home in the field — 
with his gun for destroying birds, and his instruments for preserv- 
ing their skins — he wishes to put the most inexperienced student 
equally at ease ; and therefore begs to lay formality aside, that he 
may address the reader as if chatting with a friend on a subject of 
mutual interest. 


§ 1.— IMPLEMENTS FOE COLLECTING, AND THEIE USE 

The Double-barrelled Shot Gun is your main reliance. Under 
some circumstances you may trap or snare birds, catch them with 
hird-lime, or use other devices; but such cases are exceptions to 
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the rule that you will shoot birds, and for this purpose no weapon 
compares with the one just mentioned. The soul of good advice 
respecting the selection of a gun is, Get the best one you can afford to 
buy ; go the full length of your purse in the matters of material 
and workmanship. To say nothing of the prime requisite, safety, 
or of the next most desirable quality, efficiency, the durability of 
a high-priced gun makes it cheapest in the end. Style of finish 
is obviously of little consequence, except as an index of other 
qualities j for inferior guns rarely, if ever, display the exquisite 
appointments that mark a first-rate arm. There is really so little 
choice among good guns that nothing need be said on this score ; 
you cannot miss it if you pay enough to any reputable maker or 
reliable dealer. But collecting is a specialty, and some guns are 
better adapted than others to your particular purpose. This is the 
destruction, as a rule, of small birds, at moderate range, with the 
least possible » injury to their plumage. Probably three-fourths or 
more of the birds of any miscellaneous collection average under the 
size of a pigeon, and Avere shot within thirty yards. A heavy gun 
is therefore unnecessary, in fact ineligible, the extra weight being 
useless. You Avill find a gtm of seven and a half to eight pounds 
weight most suitable. For similar reasons the bore should be 
small ; I prefer fourteen gauge, and should not think of going over 
twelve. Length of barrel is of less consequence than many suppose ; 
for myself, I incline to a rather long barrel — one nearer thirty-three 
than twenty-eight inches — believing that such a barrel may throw 
shot better ; but I am not sure that this is even the rule, while 
it is well knoAvn that several circumstances of loading, besides some 
almost inappreciable differences in the way barrels are bored, will 
cause guns apparently exactly alike to throw shot differently. 
Length and crook of stock should of course be adapted to your 
figure — a gun may be made to fit you, as well as a coat. For wild- 
fowl shooting, and on some other special occasions, a heavier and 
altogether more poAverful gun Avill be preferable. 

Breech-loader v. Muzzle-loader, a case formerly argued, has 
long been settled in favour of the former. Provided the mechanism 
and Avorkmanship of the breech be Avhat they should, there are no 
valid objections to offset obvious advantages, some of Avhich are 
these : ease and rapidity of loading, and consequent delivery of 
shots in quick succession; facility of cleaning; compactness and 
portability of ammunition ; readiness Avith Avhich different- sized 
shot may be used. This last is highly important to the collector, 
Avho never knoAvs the moment he may Avish to fire at a very 
different bird from such as he has already loaded for. The muzzle- 
loader must always contain the fine shot Avith Avhicli nine-tenths 
of your specimens Avill be secured ; if in both barrels, you cannot 



SEC. I IMI^EMENTS FOE COLLECTING, AND THEIR USE 5 


deal with a hawk or other large bird with reasonable prospects of 
success ; if in only one barrel, the other being more heavily charged, 
you are crippled to the extent of exactly one-half of your resources 
for ordinary shooting. Whereas, with the breech-loader you will 
Ifabitually use mustard-seed in both barrels, and yet can slip in a 
different shell in time to seize most opportunities requiring large 
shot. This consideration alone should decide the case. Moreover, 
the time spent in the field in loading an ordinary gun is no small 
item ; while cartridges may be charged in your leisure at home. 
This should become the natural occupation of your spare moments. 
No time is really gained ; you simply change to advantage the time 
consumed. Metal shells, charged with loose ammunition, and 
susceptible of being reloaded many times, may bo used instead of 
any special fixed ammunition which, once exhausted in a distant 
place (and circumstances may upset the best calculations on that 
score), leaves the gun useless. On charging the shells, mark the 
number of the shot used on the outside wad ; •or better, use 
coloured wads — say plain white for dust shot, and red, blue, and 
green for certain other sizes. If going far away, take as many 
shells as you think can possibly be wanted — and a few more. 

Experience, however, will soon teach you to prefer paper 
cartridges for breech-loaders. They may of course be loaded 
according to circumstances, with the same facility as metal shells, and 
even reloaded if desired. It is a good deal of trouble to take care 
of metal shells, to prevent loss, keep them clean, and avoid bending 
or indenting ; while there is often a practical difficulty in recapping 
— at least with the common styles that take a special primer. 
Those fitted Avith a screAV top holding a nipple for ordinary caps are 
expensive. Paper cartridges come already capped, so that this 
bother is avoided, and it is not ordinarily worth while to reload 
them. They are made of different colours, distinguishing various 
sizes of shot used Avithout employing the coloured wads otherAvise 
required. They may be taken into the field empty and loaded on 
occasion to suit ; but it is better to pay a trifle extra to have them 
loaded at the shop. In such case, about four-fifths of the stock 
should contain mustard-seed, nearly all the rest about No. 7, a very 
few being reserved for about No. 4. Cost of ammunition is 
hardly appreciably increased; its weight is put in the most 
conveniently portable shape ; the whole apparatus for carrying it 
loose and for loading the shells is dispensed Avith ; much time is 
saved, the entire drudgery (excepting gun -cleaning) of collecting 
being avoided. I was prepared in this way during the summer of 
1873 for the heaviest work I ever succeeded in accomplishing dur- 
ing the same length of time. In June, when birds were plentiful, 
I easily averaged fifteen skins a day, and occasionally made twice 
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as many. As items serving to base calculations, I may mention 
that in four months I used about two thousand cartridges, loaded, 
at $42 per M., with seven-eighths of an ounce of shot and two and 
three -fourths drachms of powder. Only about three hundred 
were charged with shot larger than mustard-seed. In estimating 
the size of a collection that may result from use of a given number 
of cartridges, it may not be safe for even a good shot to count on 
much more than half as many specimens as cartridges. The number 
is practically reduced by the following steps : Cartridges lost or 
damaged, or originally defective ; shots missed ; birds killed or 
wounded, not recovered j specimens secured unfit for preservation, 
or not preserved for any reason ; specimens accidentally spoilt in 
stuffing, or su))sequcntly damaged, so as to be not worth keeping ; 
and finally, use of cartridges to kill game for the table. 

Other Weapons, etc. — An ordinary single-barrel gun will of 
course answer; but is a sorry makeshift, for it is sometimes so 
poorly constructed as to be unsafe, and can at best be only just 
half as effective. This remark does not apply to any of the fine 
single-barrelled breech-loaders now made. You will find these very 
effective weapons, and they are not at all expensive. An arm now 
much used by collectors is a kind of breech-loading pistol, with or 
without a skeleton gun-stock to screw into the handle, and taking a 
particular style of metal cartridge, charged with a few grains of 
powd(jr, or with nothing but the fulminate. They are very light, 
very cheap, safe and easy to work, and astonishingly effective up to 
twenty or thirty yards ; making probably the best “ second choice ” 
after the matchless double-barrelled breech-loader itself. The cane- 
gun should be mentioned in this connection. It is a single-barrel, 
lacquered to look like a stick, with a brass stopper at the muzzle to 
imitate a ferule, countersunk hammer and trigger, and either a 
simple curved handle, or a light gunstock-sHaped piece that screws 
in. The affair is easily mistaken for a cane. Some have acquired 
considerable dexterity in its use ; my own experience with it is very 
limited and unsatisfactory ; the handle always hit me in the face, 
and I generally missed my bird. It has only two recommendations. 
If you approve of shooting on Sunday, and yet scruple to shock 
popular prejudice, you can slip out of town unsuspected. If you 
are shooting where the law forbids destruction of small birds, — a 
wise and good law that you may sometimes be inclined to defy, — 
artfully careless handling of the deceitful implement may prevent 
aiTest and fine. A blow-gun is sometimes used. It is a long slender 
tube of wood, metal, or glass, through which clay balls, tiny arrows, 
etc., arc projected by force of the breath. It must be quite an art 
to use such a weapon successfully, and its employment is necessarily 
exceptional. Some uncivilised tribes are said to possess marvellous 
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skill in the use of long bamboo blow-guns ; and such people are 
often valuable employes of the collector. I have had no experience 
with the noiseless air-gun, which is, in effect, a modified blow-gun, 
compressed air being the explosive power. Nor can I say much of 
' various methods of trapping birds that may be practised. On these 
points I must leave you to your own devices, with the remark that 
horse-hair snares, set over a nest, are often of great service in securing 
the parent of eggs that might otherwise remain unidentified. I have 
no practical knowledge of bird -lime. A method of netting birds 
alive, which I have tried, is both easy and successful. A net of 
fine green silk, some eight or ten feet square, is stretched perpen- 
dicularly across a narrow part of one of the little brooks, overgrown 
with briers and shrubbery, that intersect many of our meadows. 
Eetreating to a distance, the collector beats along the shrubbery 
making all the noise he can, urging on the little birds till they reach 
the almost invisible net and become entangled in trying to fly 
through. I have in this manner taken a dozen sparrows and the 
like at one “drive.” But the gun can rarely be laid aside for this 
or any other device. 

Ammunition. — The best powder is that combining strength and 
cleanliness in the highest compatible degree. In some brands too 
much of the latter is sacrificed to the former. Other things being 
equal, a rather coarse powder is preferable, since its slower action 
tends to throw shot closer. Some numbers are said to be “too 
quick ” for fine breech-loaders. Inexperienced sportsmen and col- 
lectors almost invariably use too coarse shot. Then two evils result : 
The number of pellets in a load is decreased, the chances of killing 
being correspondingly lessened ; and the plumage is badly injured, 
either by direct mutilation, or by subsequent bleeding through large 
holes. As already hinted, shot cannot be too fine for your routine 
collecting. Use “ mustard-seed,” or “ dust-shot,” as it is variously 
called ; it is smaller than any of the sizes usually numbered. As 
the very finest can only be i)rocured in cities, provide yourself 
liberally on leaving any centre of civilisation for even a country 
village, to say nothing of remote regions. A small bird that would 
have been torn to pieces by a few large pellets, may be riddled with 
mustard-seed and yet be prcscrvable ; moreover, there is, as a rule, 
little or no bleeding from such minute holes, which close up by the 
elasticity of the tissues involved. It is astonishing what large birds 
may be brought down with these tiny pellets. I have killed hawks 
with such shot, knocked over a wood-ibis at forty yards, and once 
shot a wolf dead with No. 10 — though I am bound to say the 
animal was within a few feet of me. After dust-shot, and the nearest 
number or two, No. 8 or 7 will be found most useful. Water-fowl, 
thick-skinned sea-birds like loons, cormorants, and pelicans, and a 
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few of the largest land-birds, require heavier shot. I have had no 
experience with the substitution of fine gravel or sand, much less 
water, as a projectile ; besides shot I never fired anything at a bird 
except my ramrod, on one or two occasions, when I never afterward 
saw either the bird or the stick. Cut felt wach are the only suitable*- 
article. Ely's “chemically prepared " wadding is the best. It is 
well, when using plain wads, occasionally to drive a greased one 
through the barrel Since you may sometimes run out of wads 
through an unexpected contingency, always keep a wad-cutter to fit 
your gun. You can make serviceable wads of pasteboard, but they 
are inferior to felt. Cut them on the flat sawn end of a stick of 
firewood. Use a wooden mallet, instead of a hammer or hatchet, 
and so save your cutter. Soft paper is next best after wads ; I 
have never used rags, cotton, or tow, fearing these tinder-like sub- 
stances might leave a spark in the barrels. Crumbled leaves or 
grass will answer at a pinch. 

Other Equipments. — {o) For the gun. A gun-case will come 
cheap in the end, especially if you travel much. The usual box, 
divided into compartments, and well lined, is the best, though the 
full-length leather or india-rubber cloth case answers very well. 
The box should contain a small kit of tools, such as mainspring-vice, 
nipple-wrench, screw-driver, etc. A stout hard-wood cleaning-rod, 
with wormer, will be required. It is always safe to have parts of 
the gun-lock, especially mainspring, in duplicate. For muzzle- 
loaders extra nipples and extra ramrod heads and tips often come 
into use. For breech-loaders the apparatus for charging the shells 
is practically indispensable, {b) For ammuiiition. Metal shells or 
paper cartridges may be carried loose in the large lower coat pocket, 
or in a leather satchel. There is said to be a chance of explosion 
by some unlucky blow, when they are so carried, but I never knew 
of an instance. Another way is to fix them separately in a row in 
snug loops of soft leather sewn continuously along a stout waist-belt ; 
or in several such horizontal rows on a square piece of thick leather, 
to be slung by a strap over the shoulder. But better than anything 
else is a stout linen vest, similarly furnished with loops holding each 
a cartridge ; this distributes the weight so perfectly, that the usual 
“forty rounds” may be carried without feeling it. The appliances 
for loose ammunition are almost endlessly varied, so every one may 
consult his taste or convenience. But now that everybody uses the 
breech-loader, shot-pouches and powder-flasks are among the things 
that were, (c) For specimens. You must always carry paper in 
which to wrap up your specimens, as more particularly directed 
beyond. Nothing is better for this purpose than writing-paper ; 
“rejected” or otherwise useless MSS. may thus be utilised. The 
ordinary game-bag, with leather back and network front, answers 
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very well ; but a light basket, fitting the body, such as the creel 
used by anglers, is the best thing to carry specimens in. Avoid 
putting specimens into pockets, unless you have your coat-tail largely 
excavated; crowding them into a close pocket, where they press 
bach other, and receive warmth from the person, will injure them. 
It is always well to take a little raw cotton into the field, to plug 
up shot- holes, mouth, nostrils, or vent, immediately if required. 
(d) For yourself. The indications to be fulfilled in your clothing 
are these : Adaptability to the weather ; and since a shooting-coat 
is not conveniently changed, while an overcoat is ordinarily ineli- 
gible, the requirement is best met by different underclothes. Easy 
fit, allowing perfect freedom of muscular action, especially of the 
arms. Strength of fabric, to resist briers and stand wear ; velveteen 
and corduroy are excellent materials. Subdued colour, to render 
you as inconspicuous as possible, and to show dirt the least. Multi- 
plicity of pockets — a perfect shooting-coat is an ingenious system of 
hanging pouches about the person. Broad-soled, low-heeled boots 
or shoes, giving a firm tread even when wet. Close-fitting cap with 
prominent visor, or low soft felt hat, rather broad-brimmed. Let 
india-rubber goods alone ; the field is no place for a sweat-bath. 

Qualifications for Success, — With the outfit just indicated 
you command all the required appliances that you can huy, and the 
rest lies with yourself. Success hangs upon your own exertions ; 
upon your energy, industry, and perseverance ; your knowledge 
and skill ; your zeal and enthusiasm, in collecting birds, much as 
ill other affairs of life. But that your efforts — maiden attempts 
they must once have been if they be not such now — may be directed 
to best advantage, further instructions may not be unacceptable. 

To Carry a Gun without peril to human life or limb is the 
ah c oi its use. ‘‘ There's death in the pot." Such constant care 
is required to avoid accidents that no man can give it by continual 
voluntary or conscious effort : safe carriage of the gun must become 
an unconscious habit, fixed as the movements of an automaton. 
The golden rule and whole secret is : the muzzle must never sweep the 
horkon ; accidental discharge should send the shot into the ground 
before your feet, or away up in the air. There are several safe and 
easy ways of holding a piece ; they will be employed by turns to 
relieve particular muscles when fatigued. 1. Hold it in the hollow 
of the arm (preferably the left, as you can recover to aim in less 
time than from the right), across the front of your person, the hand 
on the grip, the muzzle elevated about 45°. 2. Hang it by the 

trigger-guard hitched over the forearm brought round to the breast, 
the stock passing behind the upper arm, the muzzle pointing to the 
ground a pace or so in front of you. 3. Shoulder it, the hand on 
the grip or heel-plate, the muzzle pointing upward at least 45®. 4. 
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Shoulder .it reversed, the hand grasping the barrels about their 
middle, the muzzle pointing forward and downward ; this is per- 
fectly admissible, but is the most awkward position of all to recover 
from. Always ccurry cl loaded (juti at luilf-coch^ unless you are about 
to shoot. The best guns are now fitted with rebounding locks,' 
having a device by wliich the hammer is thrown back to half-cock 
as soon as the blow is delivered on the firing-pin. This admirable 
device is a groat safeguard, and is particularly eligible for breech- 
loaders, as the barrels may be unlocked and relocked without 
touching the hammers. Unless the lock fail, accidental discharge 
is impossible, except under these circumstances : {a) a direct blow 
on the nipple or pin ; (h) catching of both hammer and trigger 
simultaneously, drawing back of the former and its release whilst 
the trigger is still held, — the chances against which are simply 
incalculable. Full-cock, ticklish as it seems, is safer than no-cock, 
when a tap on the hammer, or a slight catch and release of the 
hammer, may c'huse discharge. Never let the muzzle of a loaded 
gun point toward your own person for a single instant. Get your 
gun over fences, or into boats or carriages, before you get over or 
in yourself, or at any rate no later. Eemove caps or cartridges on 
entering a house. Never aim a gun, loaded or not, at any object, 
unless you mean to press the trigger. Never put a loaded gun 
away long enough to forget wliether it is loaded or not. Never 
leave a loaded gun to bo found by others under circumstances 
reasonably presupposing it to be unloaded. Never put a gun where 
it can bo knocked down by a dog or a child. Never imagine that 
there can be any excuse for putting away a breech-loader loaded 
under any circumstances. Never forget that the idiots who kill 
people because they “^didn’t know it was loaded,'’ are perennial. 
Never forget that though a gunning accident may be sometimes 
interpreted (from a false standpoint) as a ‘‘dispensation of Provi- 
dence," such dispensations happen oftenest to the careless. 

To Clean a Gun properly rctpiires some knowledge, more 
good temper, and most “ elbow'-grease ” ; it is dirty, disagreeable, 
inevitable work, which laziness, business, tiredness, indifference, and 
good taste will by turns tempt you to shirk. After a hunt you are 
tired, have your clothes to change, a meal to eat, a lot of birds to 
skin, a journal to write up. If you “sub-let" the contract, the 
chances are it is but half fulfilled ; serve yourself, if you want to 
be well served. If you cannot find time for a regular cleaning, an 
intolerably foul gun may be made to do another day's work by 
swabbing for a few moments with a wet (not dripping) rag, and 
then with an oiled one. For the full wash use cold water first ; it 
loosens dirt better than hot water. Set the barrels in a pail of 
water ; wrap the end of the cleaning rod with tow or cloth, and 
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pump away till your arms ache. Change the rag or tow, and the 
water too, till they both stay clean for all the swabbing you can do. 
Then use boiling water till the barrels are well heated ; wipe as 
dry as possible inside and out, and set them by a fire. Finish with 
a light oiling, inside and out; touch up all the metal about the 
stock, and polish the wood-work. Do not remove the locks oftencr 
than is necessary ; every time they are taken out, something of the 
exquisite fitting that marks a good gun may be lost ; as long as 
they work smoothly take it for granted they are all right. To 
keep a gun well, under long disuse, it should have had a particu- 
larly thorough cleaning; the chambers sliould be packed with 
greasy tow ; greased wads may be rammed at intervals along the 
barrels ; or the barrels may be filled with melted tallow. Ncat’s- 
foot is recommended as the best easily procured oil ; the porpoise- 
oil which is used by watchmakers is the very best ; the oil made 
for use on sewing-machines is excellent ; “ olive ’’ oil (made of lard) 
for table use answers the purpose. The quality* of an oil may be 
improved by putting in it a few tacks, or scraps of zinc, — the oil 
expends its rusting capacity in oxidising the metal. Inferior oils 
get “sticky.” One of the best preventives of rust is mercurial 
(“blue”) ointment; it may be freely used. Kerosene will remove 
rust ; but use it sparingly, for it “ eats ” sound metal too. 

To Load a Gun effectively requires something more than 
knowledge of the facts that the powder should go in before the 
shot, and that each should have a wad atop. The most nearly 
universal fault is use of too much shot for the amount of powder ; 
and the next, too much of both. The rule is hulk for hulk of powder 
and shot. If not exactly this, then rather less shot than powder. 
It is absurd to suppose, as some persons do who ought to know 
better, that the more shot in a gun the greater the chances of kill- 
ing. The projectifo force of a charge cannot possibly be greater 
than the vis inertm of the gun as held by the shooter. The explo- 
sion is manifested in all directions, and blows the shot in one way 
simply because it has no other escape. If the resistance in front 
of the powder were greater than elsewhere, the shot would not 
budge, but the gun would fly backward, or burst. This always 
reminds me of Lord Dundreary^s famous conundrum — Why does a 
dog wag his tail ? Because he is bigger than his tail ; otherwise 
the tail would wag him. A gun shoots shot because the gun is the 
heavier ; otherwise the shot would shoot the gun. Every unneces- 
sary pellet is a pellet against you, not against the game. The 
experienced sportsman uses about one-third less shot than the tyro, 
with proportionally better result, other things being equal. As to 
powder, moreover, a gun can only burn just so much, and every 
grain blown out unburnt is wasted. No express directions for 
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absolute weight or measures of either powder or shot can be given ; 
in fact, different guns take as their most effective charge such a 
variable amount of ammunition, that one of the first things you 
have to learn about your own arm is, its normal charge -gauge. 
Find out, by assiduous target practice, what absolute amounts (and 
to a slight degree, what relative proportion) of powder and shot are 
required to shoot the farthest and distribute the pellets most evenly. 
This practice, furthermore, will acquaint you with your gun’s capa- 
cities in every respect. You should learn exactly what it will and 
wliat it will not do, so as to feel perfect confidence in your arm 
within a certain range, and to waste no shots in attempting miracles. 
Immoderate recoil is a pretty sure sign that the gun is overloaded, 
or otherwise wrongly charged ; and all force of recoil is subtracted 
from the impulse of the shot. It is useless to ram powder very 
hard ; two or three smart taps of the rod will suffice, and more will 
not increase the explosive force. On the shot the wad should 
simply be press(^d close enough to fix the pellets immovably. 
These directions apply to the charging of metal or paper cartridges 
as well as to loading by the muzzle. The latter operation is rarely 
required, now that guns of every grade are made to break at the 
breech. Finally, let me impress upon you the expediency of light 
loading in your routine collecting. Three-fourths of your shots 
need not bring into action the gun’s full powers of execution. 
You will shoot more birds under than over ^thirty yards ; not a 
few you must secure, if at all, at ten or fifteen yards ; and your 
object is always to kill them with the least possible damage to the 
plumage. I have, on particular occasions, loaded even down to 
one third oz. of shot and one and a half dr. of j)Owder. There is 
astonishing force compressed in a few grains of powder ; an aston- 
ishing number of pellets in the smallest load of mustard-seed. 

To Shoot successfully is an art which ihay be acquired by 
practice, and can be learned only in the school of experience. No 
general directions will make you a good shot, any more than a 
proficient in music or painting. To tell you that in order to hit a 
bird you must point the gun at it and press the trigger, is like 
saying that to play on the fiddle you must shove the bow across 
the strings with one hand while you finger them with the other ; 
in either case the result is the same, a noise, but neither music nor 
game. Nor is it possible for every one to become an artist in 
gunnery ; a “ crack-shot,” like a poet, is horn, not made. For 
myself, I make no pretensions to genius in that direction ; for 
although I generally make fair bags, and have destroyed many 
thousand birds in my time, this is rather owing to some familiarity 
have gained with the habits of birds, and a certain knack, acquired 
by long practice, of picking them out of trees and bushes, than to 
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skilful shooting from the sportsman’s standpoint ; in fact, if I cut 
down two or three birds on the wing without a miss I am working 
quite up to my average in that line. But any one not purblind or 
a “ butter-fingers ” can become a reasonably fair shot % practice, 
and do good collecting. It is not so hard, after all, to sight a gun 
correctly on an immovable object, and collecting differs from sport- 
ing proper in this, that comparatively few birds are shot on the 
wing. But I do not mean to imply that it requires less skill to 
collect successfully than to secure game ; on the contrary, it is finer 
shooting, I think, to drop a warbler skipping about a tree-top than 
to stop a quail at full speed ; while hitting a sparrow that springs 
from the grass at one’s feet to flicker in sight a few seconds and 
disappear is the most difficult of all shooting. Besides, a crack shot, 
as understood, aims unconsciously, with mechanical accuracy and 
certitude of hitting ; he simply wills, and the trained muscles obey 
without his superintendence, just as the fingers form letters with 
the pen in writing ; whereas the collector must* usually supervise 
his muscles all through the act and see that they mind. In spite 
of the proportion of snap-shots of all sorts you will have to take, 
your collecting shots, as a rule, are made with deliberate aim. 
There is much the same difference, on the whole, between the 
sportsman’s work and the collector’s, that there is between shot-gun 
and rifle practice, collecting being comparable to the latter. It is 
generally understood that the acme of skill with the two weapons 
is an incompatibility ; and, certainly, the best shot is not always the 
best collector, even supposing the two to be on a par in their know- 
ledge of birds’ haunts and habits. Still, a hopelessly poor shot can 
only attain fair results by extraordinary diligence and perseverance. 
Certain principles of shooting may perhags be reduced to words. 
Aim deliberately directly at an immovable object at fair range. 
Hold over a motionless object when far off, as the trajectory of the 
shot curves downward. Hold a little to one side of a stationary 
object when very near, preferring rather to take the chances of 
missing it with the peripheral pellets, than of hopelessly mutilating 
it with the main body of the charge. Fire at the first fair aim, 
without trying to improve what is good enough already. Never 
“ pull ” the trigger, but j)ress it. Bear the shock of discharge with- 
out flinching. In shooting on the wing, fire the instant the heel 
of the gun taps your shoulder ; you will miss at first, but by and 
by the birds will begin to drop, and you will have laid the founda- 
tion of good shooting, the knack of “ covering ” a bird unconsciously. 
The habit of “ poking ” after a bird on the wing is an almost incur- 
able vice, and may keep you a poor shot all your life. (The col- 
lector’s frequent necessity of poking after little birds in the bush is 
what so often hinders him from acquiring brilliant execution.) Aim 
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ahead of a flying bird— the calculation to be made varies, according 
to the distance of the object, its velocity, its course and the wind, 
from a few inches to several feet ; practice will finally render it 
intuitive. 

§ 2.— DOGS 

A Good Dog is one of the most faithful, respectful, affec- 
tionate, and sensible of brutes ; deference to such rare qualities 
demands a chapter, however brief. A trained dog is the indis- 
pensable servant of the sportsman in his pursuit of most kinds of 
game; but I trust I am guilty of no discourtesy to the noble 
animal, when I say that he is a luxury rather than a necessity to 
the collector — a pleasant companion, who knows almost everything 
cxccjit how to talk, who converses with his eyes and ears and tail, 
shares comforts and discomforts Avith equal alacrity, and occasion- 
ally makes himself useful. So far as a collector’s work tallies 
with that of a sportsman, the dog is equally useful to both ; but 
finding and telling of game aside, your dog’s services are restricted 
to companionship and retrieving. He may, indeed, Hush many 
sorts of birds for you ; but he does it, if at all, at random, while 
capering about ; for the brute intellect is limited after all, and can- 
not comprehend a naturalist. The best trained setter or pointer 
that ever marked a quail could not be made to understand Avhat 
you arc about, and it Avould ruin him for sporting purposes if he 
did. Take a well-bred dog out with you, and the chances are he 
will soon trot home in disgust at your performances with jack- 
sparrows and tomtits. It implies such a perversion of a good dog’s 
instincts to make him really a useful servant of the collector, that I 
am half inclined to say nothing about retrievirig, and tell you to 
make a companion of your dog, or let him alone. I Avas folloAved 
for several years ])y “ the best dog I ever saw ” (every one’s gun, 
dog, and child is the best ever seen), and a first-rate retriever ; yet 
I always preferred, Avhen practicable, to pick up my own birds, 
rather than let a delicate plumage into a dog’s mouth, and scolded 
aAvay the poor brute so often, that she very properly returned the 
compliment, in the end, by retrieving just Avhen she felt like it. 
However, Ave remained the best of friends. Any good setter, 
pointer, or spaniel, and some kinds of curs, may be trained to 
retrieve. The great point is to teach them not to “ mouth ” a bird ; 
it may be accomplished by sticking pins in the ball with Avhich 
their early lessons are taught. Such dogs are particularly useful in 
bringing birds out of the water, and in searching for them when 
lost. One point in training should never be neglected : teach a dog 
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what “to heel” means, and make him obey this command. A 
riotous brute is simply unendurable under any circumstances. 


§ 3.— VARIOUS SUGGESTIONS AND DIRECTIONS FOR 
FIELD-WORK 

To be a good Collector, and nothing more, is a small 
affair ; great skill may be acquired in the art, without a single 
f[uality commanding respect. One of the most vulgar, brutal, and 
ignorant men I ever knew was a sharp collector and an excellent 
taxidermist. Collecting stands much in the same relation to orni- 
thology that the useful and indispensable office of an apothecary 
bears to the duties of a physician. A field-naturalist is always 
more or less of a collector ; the latter is sometimes found to know 
almost nothing of natural history worth knowing. The true orni- 
thologist goes out to study birds alive and destroys some of them 
simply because that is the only way of learning their structure and 
technical characters. There is much more about a bird than can 
be discovered in its dead body, — how much more, then, than can be 
found out from its stuffed skin I In my humble opinion the man 
who only gathers birds, as a miser money, to swell his cabinet, and 
that other man who gloats, as miser-like, over the same hoard, both 
work on a plane far beneath where the enlightened naturalist stands. 
One looks at Nature, and never knoAvs that she is beautiful ; the 
other knows she is beautiful, as even a corpse may be ; the 
naturalist catches her sentient expression, and knows how beautiful 
she is ! I Avould have you to knoAv and love her ; for fairer mis- 
tress never swayed the heart of man. Aim high ! — press on, and 
leave the half-Avay house of mere collectorship far behind in your 
pursuit of a delightful study, nor fancy the closet its goal. 

Birds may be sought anywhere, at any time; they should 
be sought everywhere, at all times. Some come about your door- 
step to tell their stories unasked. Others spring up before you as 
you stroll in the field, like the flowers that enticed the feet of 
Proserpine. Birds flit by as you measure the tired roadside, lend- 
ing a tithe of their life to quicken your dusty steps. They disport 
overhead at hide-and-seek with the foliage as you loiter in the shade 
of the forest, and their music now ansAvers the sigh of the tree-tops, 
now ripples an echo to the voice of the brook. But you Avill not 
ahvays so pluck a thornless rose. Birds hedge themselves about 
Avith a bristling girdle of brier and bramble you cannot break ; 
they build their tiny castles in the air surrounded by impassable 
moats, and the drawbridges are never down. They crown the 
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mountain-top you may lose your breath to climb \ they sprinkle the 
desert where your parched lips may find no cooling draught \ they 
fleck the snow-wreath when the nipping blast may make you turn 
your back ♦ they breathe unharmed the pestilent vapours of the 
swamp that mean disease, if not death, for you j they outride the 
storm at sea that sends strong men to their last account. Where 
now will you look for birds ? 

And yet, as skilled labour is always most productive, so expert 
search yields more than random or blundering pursuit. The more 
varied the face of a country, the more various its birds. A place 
all plain, all marsh, all woodland, yields its particular set of birds, 
perhaps in profusion ; but the kinds will be limited in number. It 
is of first importance to remember this, when you are so fortunate 
as to have choice of a collecting-ground ; and it will guide your 
steps aright in a day’s walk anywhere, for it will make you leave 
covert for open, wet for dry, high for low, and back again. Well- 
watered country is more fruitful of bird-life than desert or prairie ; 
warm regions are more productive than cold ones. As a rule, 
variety and abundance of birds are in direct ratio to diversity and 
luxuriance of vegetation. Your most valuable as well as largest 
bags may be made in the regions most favoured botanically, up to 
the point where exuberance of plant-growth mechanically opposes 
your operations. 

Search for particular Birds can only be well directed by a 
knowledge of their special haunts and habits, and is one of the 
mysteries of wood-craft to be solved by long experience and close 
observation. Here is where the true naturalist bears himself with 
conscious pride and strength, winning laurels that become him, and 
do honour to his calling. Where to find (“ game is anything 
that vulgar people do not ridicule you for shooting) of all the kinds 
we have in this country has been so often arid so minutely detailed 
in sporting- works that it need not be here enlarged upon, especially 
since, being the best known, game-birds are the least valuable of 
ornithological material. Most large or otherwise conspicuous birds 
have very special haunts that may be soon learned ; and as a rule 
such rank next after game in ornithological disestcem. Birds of 
prey are an exception to these statements \ they range everywhere, 
and most of them are Avorth securing. Hawks will unwittingly fly 
in your way oftener than they will allow you to approach them 
when perched : be ready for them. Owls will be startled out of 
their retreats in thick bushes, dense foliage, and hollow trees, in the 
daytime ; if hunting them at night, good aim in the dark may be 
taken by rubbing a wet lucifer match on the sight of the gun, 
causing a momentary glimmer. Large and smajl waders are to be 
found by any water’s edge, in open marshes, and often on dry 
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plains ; the herons more particularly in heavy bogs and dense 
swamps. Under cover, waders are oftenest approached by stealth ; 
in the open, by strategy ; but most of the smaller kinds require the 
exercise of no special precautions. Swimming -birds, 'aside from 
\fater-fowl (as the “game” kinds are called), are generally shot 
from a boat, as they hy past ; but at their breeding-places many 
kinds that congregate in vast numbers are readily reached. Tliere 
is a knack of shooting loons and grebes on the water ; if they are 
to be reached at all by the shot it will be by aiming not directly at 
them but at the water just in front of them. They do not go under 
just where they float, but kick up behind like a jumping-jack and 
plunge forward. Itails and several kinds of sparrows are confined 
to reedy marshes. But why prolong such desultory remarks ? 
Little can be said to the point without at least a miniature treatise 
on ornithology ; and 1 have not yet even alluded to the diversified 
liost of small insectivorous and granivorous birds that fill our woods 
and fields. The very existence of most of these is tinknown to all 
but the initiated ; yet they include the treasures of the orni- 
thologist. Some are plain and humble, others are among the most 
beautiful objects in nature ; but most agree in being and 

therefore liable to be overlooked. The sum of my advice about 
them must be biief. Get over as much ground, both wooded and 
open, as you can thoroughly examine in a day’s tram}), and go out 
as many days as you can. It is not always necessary, however, to 
kee}) on the tramp, especially during the migration of the restless 
insectivorous s})ecies. One may often shoot for hours without 
moving more tiian a few yards, by selecting a favourable locality 
and allowing the birds to come to him as they pass in varied troops 
through the low woodlands or swampy thickets. Ivec}) your eyes 
and ears wide 0 })en. Look out for every rustling leaf and swaying 
twig and bending bladft of grass. Hearken to every note, hoAvever 
faint ; when there is no sound, listen for a chirp. Habitually move 
as noiselessly as possible. Kee}) your gun alwa} s ready. Inpmove 
every o})portunity of studying a bird you do not wish to destroy ; 
you may often make observations more valuable than the specimen. 
Let this be the rule with all birds you recognise. But I fear I 
must tell you to shoot an unknown biixl on sight ; it may give you 
the sli}3 in a moment and a prize may be lost. One of the most 
fascinating things about field-work is its uncertainty ; you never 
know what’s in store for you as you start out; you never can tell 
what will hap})en next ; sur})rises are ahvays in order, and excite- 
ment is continually whetted on the chances of the varied chase. 

For myself, the time is past, happily or not, when every bird 
was an agreeable surprise, for dewdro})s do not last all day ; but 1 
have never yet walked in the woods without learning something 
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pleasant that I did not know before. I should consider a bird new 
to science ample reward for a month’s steady work \ one bird new 
to a locality would repay a week’s search ; a day is happily spent that 
shows mo any bird that I never saw alive before. How then can you, 
with so much before you, keep out of the woods another mimite % 
All Times are good times to go a-shooting; but some 
are better than others. (ii) Time of year. In all temperate 
latitudes, spring and fall — periods of migration with most birds — 
are the most profitable seasons for collecting. Not only are birds 
then most numerous, both as species and as individuals, and most 
active, so as to l)e the more readily found, but they include a far 
lai'gcr proportion of rare and valuable kinds. In every locality in 
this country tlui periodical visitants outnumber the permanent 
residents; in most regions the number of regular migrants, that 
simply pn,ss through in the spring and fall, equals or exceeds that 
of cither of the sets of species that conn; from the south in spring 
to breed during the summer, or from the north to spend the winter. 
Far north, of course, on or near the limit of the vernal migration, 
where there arc few if any migrants, and where the winter birds 
are extremely feAV, nearly all the bird-fauna is composed of summer 
visitants ” ; far south the reverse is somewhat the case, though with 
many qualifications. Between these extremes, what is conventionally 
known as “ a season ” means the period of the vernal or autumnal 
migration. Look out, theii, for “ the season,” and work all through 
it at a rate you could not ])ossil)ly sustain tlie year around, {h) 
'Time of day. Farly in the morning and late in the afternoon are 
the best times for birds. There is a mysterious something in these 
diurnal crises that sets bird-life astir, over and above what is explain- 
able by the simple fact that they arc the transition periods from 
repose to activity, or the reverse. Subtle meteorological changes 
occur; various delicate instruments used ii\ physicists’ researches 
arc sometimes inexplicably disturbed ; diseases have often their 
turning point for better or worse ; people arc a[)t to be born or 
die ; and tlic susceptible organisms of birds manifest various excite- 
ments. Wliatever the o])erative influence, the fact is, birds arc 
particularly lively at such hours. In the dark they rest — most of 
them do ; at noonday, again, they are comparatively still ; between 
these times they are ])assing to or from their feeding grounds or 
roosting j)laces ; they are foraging for food, they are singing ; at 
any rate, they are in motion. Many migratory birds (among them 
warblers, etc.) perform their journeys by night; just at daybreak 
they may be seen to descend from the upper regions, rest a while, 
and them move about briskly, singing and searching for food. Their 
meal taken, they recuperate by resting till towards evening ; feed 
again and are off for the night. If you have had some experience, 
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don’t you remember what a fine spurt you made early that morning ? 
— ^how many unexpected shots offered as you trudged home belated 
that evening ? Now I am no fowl, and have no desire to adopt 
the habits of the hen-yard ; I have my opinion of those who like 
tlfb world before it is aired ; I think it served the worm right for 
getting up, when caught by the early bird ; nevertheless I go shoot- 
ing betimes in the morning, and would walk all night to find a rare 
bird at daylight, (r) Weather. It rarely occurs in this country 
that either heat or cold is unendurably severe ; but extremes of 
temperature are unfavourable, for two reasons : they both occasion 
great personal discomfort ; and in one extreme only a few hardy 
birds will be found, while in the other most birds are languid, dis- 
posed to seek shelter, and therefore less likely to be found. A 
still, cloudy day of moderate temperature offers as a rule the best 
chance ; among other reasons, there is no sun to blind the eyes, as 
always occurs on a bright day in one direction, particularly when 
the sun is low, AVhile a bright day has its good iftfluenco in set- 
ting many birds astir, some others are most easily approached in 
heavy or falling weather. Some kinds arc more likely to be secured 
during a light snowfall, or after a storm. Singular as it may seem, 
a thoroughly wet day offers some peculiar inducements to the col- 
lector. I cannot well specify them, but 1 lieartily indorse a remark 
John Cassin once made to me: “1 like,” said he, “to go shooting 
in the rain sometimes ; there are some curious things to be learned 
about birds when the trees arc dripping ; things, too, that have not 
yet found their way into the books.” 

How many Birds of the Same Kind do you want ? — 
All you can yet — with some reasonable limitations ; say fifty or a 
hundred of any but the most abundant and widely diffused species. 
You may often be provoked with your friend for speaiking of some 
bird he shot, but did no*t bring you, liecanse, he says, “ ^^dly, you’ve 
got one like that ! ” Birdvskins are capital ; capital unemployed 
may be useless, but can never be Avorthlcss. Birdskins are a medium 
of exchange among ornithologists the Avorld over ; they represent 
value — money value and scientific value. If you have more of one 
kind than you can use, exchange with some one for species you 
lack ; both parties to the transaction are o(pially benefited. Let 
nie bring this matter under several heads, {a) Your own series 
of skins of any species is incomplete until it contains at least one 
example of each sex, of every normal state of plumage, and every 
normal transition stage of plumage, and further illustrates the 
principal abnormal variations in size, form, and colour to which 
the species maybe subject; I will even add that every different 
faunal area the bird is known to inhabit should be represented by 
a specimen, particularly if there be anything exceptional in the 
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geographical distribution of the species. Any additional specimens 
to all such are your only “duplicates,” properly speaking, i^) 
Birds vary so much in their size, form, and colouring, that a “ spe- 
cific character ” can only be precisely determined from examination 
of a large number of specimens, shot at different times, in different 
places; still less can the “limits of variation” in these respects be 
settled without ample materials, (r) The rarity of any bird is an 
arbitraiy and fluctuating consideration, because in the nature of the 
case there can be no natural unit of comparison, nor standard of 
ai)prcciation. It may bo said, in general terms, no bird is actually 
“rare.” With a few possible exceptions, as in the cases of birds 
occupying extraordinarily limited areas, like some of the birds-of- 
paradisc, or al)out to become extinct, like the pied diick,^ enough 
birds of all kinds exist to overstock every public and private collec- 
tion in the world, without sensible diminution of their numbers. 
“Karity” or the reverse is only ])redica])lc upon the accidental (so 
to speak) circhini stances that throw, or tend to throw, specimens 
into naturalists’ hands. Accessilhlitijh the variable element in every 
case. The fulmar ])etrel is said (on what authority T know not) to 
exceed any other bird in its aggregate of individuals ; how do the 
skins of that bird you have handled compare in number with speci- 
mens you have seen of the “ rare ” warbler of your own vicinity ? 
All birds arc common somewhere at sonic season : the point is, have 
collectors been there at the time ? IVIoreover, even the arbitrary 
ajipreciatioii of “rarity” is fluctuating, and may change at any 
time; long- sought and highly -prized birds are liable to aj^pear 
suddenly in great numbers in places that knew them not before ; 
a single heavy invoice of a bird from some distant or little- 
explored region may at once stock the market, and depreciate the 
current value of the species to almost nothing. For example, 
Baird’s bunting and Sprague’s lark‘d remained for thirty years 
among special desiderata, only one specimen of the former and two 
or three of the latter being known. Yet they are two of the most 
abundant birds of Dakota, where in 1873 I took as many of both 
as I desired ; and specimens enough have lately been secured to 
stock all the leading museums of both Europe and America, {d) 
Some practical deductions arc to be made from these premisses. 
Your object is to make your.sclf acquainted with all the birds of 
your vicinity, and to preserve a complete suite of specimens of 
every species. Begin i)y shooting every bird you can, coupling 
this sad destruction, however, with the closest observations upon 
habits. You will very soon fill your scries of a few kinds, that 
you find almost everywhere, almost daily. Then if you are in a 

^ Ccmptolcemus lalnridorius. 2 ji^j^narus (jlaclalis. 

^ Vasserculus {Centronyx) hairdi. ^ Anthus {Reocorys) spmyuei. 
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region the ornithology of which is well known, at once stop killing 
these common birds — they arc in every collection. Keep an eye 
on them, studying them always, but turn your actual pursuit into 
other channels, until in this way, gradually eliminating the un- 
desirables, you exhaust the iDird-fauna as far as possible (you will not 
quite exhaust it — at least for many years). But if you are in a new 
or little-known locality, I had almost said the very reverse course 
is the best. The chances are that the most abundant and character- 
istic birds there are “rare’^ in collections. Many a bird’s range 
is quite restricted : you may happen to be just at its metropolis ; 
seize the opportunity, and get good store, — yes, up to fifty or a 
hundred ; all you can spare will be thankfully received by those who 
liave none. Quite as likely, birds that are scarce just where you 
happen to be, are so only because you are on the edge of their 
habitat, and are plentiful in more accessible regions. But, rare or 
not, it is always a point to determine the exact geographical dis- 
tril)ution of a species ; and tliis is fixed best by having specimens 
to tell each its own tale, from as many dilfercnt and widely-separated 
localities as possible. This alone warrants procuring one or more 
specimens in every locality ; the commonest bird accjuires a certain 
value if it be captured away from its ordinary range. But let all 
your justifiable destruction of birds be tempered with mercy ; your 
humanity will bo continually shocked with the liavoc you work, 
and should never permit you to take life wantonly. Never shoot 
a bird you do not fully intend to preserve, or to utilise in some 
jiropcr way. Bird-life is too beautiful a thing to destroy to no 
[lurposc ; too sacred a thing, like all life, to be sacrificed, unless 
the tribute is hallowed by Avortliiness of motive. “Not a sparrow 
falletli to the ground without His notice.” 

I sliould not neglect to speak particularly of the care to be taken 
to secure full suites oi females. Most miscellaneous collections con- 
tain four or more males to every female — a disproportion that should 
be as far reduced as possible. The reason for this disparity is obvious : 
females arc usually more shy and retiring in disposition, and less 
frequently noticed ; while their smaller size and plainer plumage, as 
a rule, further favour their concealment. The difference in colour- 
ing is greatest among those groups where the males are most richly 
clad, and the shyness of the mother birds is most marked during 
the breeding season, just when the males, full of song, and in their 
nuptial attire, become most conspicuous. It is often worth while 
to neglect the gay Benedicts, to trace out and secure the 2)lainer but 
not less interesting females. This pursuit, moreover, often leads to 
discovery of the nests and eggs, — an important consideration. 
Although both sexes are generally found together when breeding, 
and mixing indiscriminately at other seasons, they often go in sepa- 
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rate flocks, and often migrate independently of each other ; in this 
case the males usually in advance. Towards the end of the passage 
of some warblers, for instance, we may get almost nothing but 
females, all our specimens of a few days before having been males. 
The notable exceptions to the rule of smaller size of the female a?e 
among rapacious birds and many waders, though in these last the 
disparity is not so marked. I only recall one instance, among 
English birds, of the female being more richly coloured than the 
— the ])hjilaropcs. When the sexes are notably different in 
adult life, the ijonwj of both sexes usually resemble the adult female, 
the young males gradually assuming their distinctive characters. 
When the adults of both sexes arc alike, the young commonly differ 
from them. 

In the same connection I wish to urge a point, the importance 
of which is often overlooked ; it is our practical interpretation of 
the adage, “a bird in the hand is worth two in the bush.’' Always 
keep the first .Specimen you secure of a species till you get another, 
no matter how common the species, how poor the specimen, or 
how certain you may fl^el of getting others. Your most reason- 
able calculations may come to naught, from a variety of circum- 
stances, and any specimen is better than no specimen, on general 
principles. And in general, do not, if you can help it, discard any 
sj)ecimeu in the field. No tyro can tell what will prove valuable 
and what not \ while even the expert may regret to find that a 
point conies up which a sj)ecimen he injudiciously discarded might 
have determined. Let a collection bo “weeded out,” if at all, only 
after deliberate and mature examination, when the scientific results 
it affords have been elaborated by a competent ornithologist \ and 
even then, the refuse (with certain limitations) had better be put 
where it will do some good, than be destroyed utterly. If forced to 
reduce bulk, owing to limited facilities for transportation in the field 
(as too often happens), throw away according to size, other things 
being ecpial. Given only so many cubic inches or feet, eliminate 
the few largo birds which take up the space that would contain 
fifty or a hundred different little ones. If you have a fine large 
eagle or pelican, for instance, throw it away first, and follow it with 
your ducks, geese, etc. In this way, the bulk of a large miscel- 
laneous collection may be reduced one-half, perhaps, with very little 
depreciation of its actual value. The same principle may be 
extended to other collections in natural liistory (excepting fossils, 
which are always weighty, if not also bulky) ; very few birdskins, 
indeed, being as valuable contributions to science as, for example, a 
vial of insects that occupies no more room may prove to be. 

What is “ A Good Day’s Work ” ? — Fifty birds shot, their skins 
preserved, and observations recorded, is a very good day’s work ; it 
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is sharp practice, even when birds are plentiful. I never knew a 
person to average anywhere near it; even during the “season” 
such work cannot possibly be sustained. You may, of course, by a 
murderous discharge into a flock, get a hundred or more in a 
Aoment ; but I refer to collecting a fair variety of birds. You will 
do very well if you average a dozen a day during the seasons. I 
doubt whether any collector ever averaged as many the year around ; 
it would be over four thousand specimens annually. The greatest 
number I ever procured and prepared in one day was forty, and I 
have not often gone over twenty. Even when collecting regularly 
and assiduously, I am satisfied to average a dozen a day during the 
migrations, and one-third or one-fourth as many the rest of the 
year. .Probably this implies the shooting of about one in five not 
skinned for various reasons, as mutilation, decay, or want of time. 

Approaching Birds. — There is little if any trouble in getting near 
enough to shoot most birds. With notable exceptions, they are 
harder to see when near enough, or to hit when se«n ; particularly 
small birds that are almost incessantly in motion. As a rule — and 
a curious one it is — difficulty of approach is in direct ratio to the 
of the bird ; it is perhaps because large conspicuous birds are 
objects of more general pursuit than the little ones you ordinarily 
search for. The qualities that birds possess for self-preservation 
may be called wanness in large birds, shyness in small ones. The 
former make ofi' knowingly from a suspicious object ; the latter fly 
from anything that is strange to them, be it dangerous or not. This 
is strikingly illustrated in the behaviour of small birds in the 
wilderness, as contrasted with their actions about towns ; they are 
more timid under the former circumstances than when grown 
accustomed to the presence of man. It is just the reverse with a 
hawk or raven, for instance ; in populous districts they spend much 
of their time in trying to save their skins, while in a new country 
they have not learned, like Indians, that a white man is “ mighty 
uncertain.” In stealing on a shy bird, you will of course take ad- 
vantage of any cover that may offer, as inequalities of the ground, 
thick bushes, the trunks of trees ; and it is often worth while to 
make a considerable dtUour to secure unobserved approach. I think 
that birds are more likely, as a rule, to be frightened away by the 
movements of the collector, than by his simple presence, however 
near, and that they are more afraid of noise than of mere motion. 
Crackling of twigs and rustling of leaves are sharp sounds, though 
not loud ones ; you may have sometimes been surprised to find how 
distinctly you could hear the movements of a horse or cow in 
underbrush at some distance. Birds have sharp ears for such 
sounds. Form a habit of stealthy movement ; it tells, in the long 
run, in comparison with lumbering tread. There are no special 
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precautions to be taken in shooting through high open forest \ you 
have only to saunter along with your eyes in the tree-tops. It is 
ordinarily the easiest and on the whole the most remunerative path 
of the collector. In traversing fields and meadoAVS move briskly, 
your principal object being to flush birds out of the grass ; and tte 
most of your shots Avill be snap ones, keep in readiness for instant 
action. Excellent and varied shooting is to be had along the 
hedgerows, and in the rank herbage that fringes fences. It is best 
to keep at a little distance, yet near enough to arouse all the 
])irds as you pass ; you may catch them on wing, or pick them off 
just as they settle after a short flight. In this shooting, two 
})ersons, one on each side, can together do more than twice as 
much work as one. Thickets and tangled undergrowth are 
favourite resorts of many birds ; but when very close, or, as often 
happens, over miry ground, they are hard places to shoot in. As 
you come tlirashing through the brush, tlui little inhabitants are 
scared into de6])er recesses ; but if you keep still a few minutes in 
some favourable spot, they are reassured, and will often come back 
to take a peep at you. A good deal of standing still will repay you 
at such times ; needless to add, you cannot l)e too lightly loaded for 
such shooting, when birds are mostly out of sight if a dozen yards 
oir. When yourself concealed in a thicket, and no l>irds appear, 
you can ol’teii call Jiumbers about you by a simple artifice. Apply 
the back of your hand to your slightly parted lips, and suck in air; 
it mjikes a nondescript screeping noise, variable in intonation at 
your whim, and some of the sounds resemble the cries of a wounded 
bird, or a young one in distress. It Avakes up tin; whole neigh- 
bourhood, and sometimes ])uts ceidain birds almost beside them- 
selves, particularly in the ])ie(‘ding season. Torturing a wounded 
bird to make it scream in agony accomplishes the same result, but 
of course is only permissible under great exigency. In penetrating 
SAvam})s and marshes, the best advice I can give you is to tell you 
to get along the best Avay you can. Shooting on perfectly open 
ground ofiers much the same case ; you must bo left to your oavu 
devices. I Avill say, hoAvcver, you can ride on horseback, or even 
in a buggy, nearer birds than they Avill alloAv you to Avalk up to 
them. Sportsmen take advantage of this to get Avithin a shot of 
the upland ploA^er, usually a very Avary bird in populous districts ; 
I have driven right into a flock of Avild geese ; in California they 
often train a bullock to graze gradually up to geese, the gunner 
being hidden by its body. There is one trick Avorth knoAving ; it 
is not to let a bird that has seen you know by your action that 
you haA^e seen itj but to keep on unconcernedly, gradually sidling 
nearer. I have secured inaaiy hawks in this Avay, when the bird 
Avould have floAvn off at the first step of direct approach. Number- 
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less other little arts will come to you as your wood -craft 
matures. 

Recovering Birds. — It is not always that you secure the birds 
you kill ; you may not be able to find them, or you may see them 
l;fing, perhaps but a few feet off, in a spot practically inaccessible. 
Under such circumstances a retriever docs excellent service, as 
already hinted ; he is cipially useful when a bird properly “marked 
down ” is not found there, having fluttered or run away and hidden 
elsewhere. The most difficult of all places to find birds is among 
reeds, the sameness of which makes it almost impossible to redis- 
cover a spot whence the eye has once wandered, while the peculiar 
growth allows birds to slip far down out of sight. In rank grass or 
weeds, when you have walked uj) with your eye fixed on the spot 
where the bird seemed to fall, yet failed to discover it, drop your 
cap or handkerchief for a mark, and hunt around it as a centre, in 
enlarging circles. In thickets, make a bee-line for the spot, if 
possible keeping your eye on the spray from wliicli the bird fell, and 
not forgetting where you stood on firing ; you may require to come 
back to the spot and take a new departure. You will not seldom 
see a bird just shot at fly off* as if unharmed, when really it will 
drop dead in a few moments. In all cascvS, therefore, when the 
bird does not drop at the shot, follow it with your eyes as far as 
you can ; if you see it finally dro]), or even flutter languidly down- 
ward, mark it on the ])rinciplcs just mentioiuHl, and go in search. 
Make every endeavour to secure wounded birds, on the score of 
humanity ; they should not be left to pine away and die in linger- 
ing misery if it can possibly be avoided. 

Killing Wounded Birds. — You will often recover winged birds, 
as full of life as before the bone was broken ; and others too griev- 
ously hurt to fly, yet far from death. Your object is to kill them 
as quickly and painlessly as possible, without injuring the plumage. 
This is to be accomplished, with all small birds, by suffocation. 
The respiration and circulation of birds is very active, and most of 
them die in a few moments if the lungs are so compressed that 
they cannot breathe. Squeeze the bird tightly across the chest, 
under the wings, thumb on one side, middle finger on the other, 
forefinger pressed in the hollow at the root of the neck, between 
the forks of the merrythought. Press firmly, hard enough to fix 
the chest immovably and compress the lungs, l)ut not to break in 
the ribs. The bird will make vigorous but ineffectual efforts to 
breathe, when the muscles will contract spasmodically ; but in a 
moment more, the system relaxes with a painful shiver, light fades 
from the eyes, and the lids close. I assure you, it will make you 
wince the first few times ; you had better hold the poor creature 
behind you. You can tell by its limp feel and motionlessness when 



26 


FIELD ORNITHOLOGY 


PART I 


it is (lead, without watching the sad struggle. Large birds cannot 
be dealt with in this way ; I would as soon attempt to throttle a 
dog as a loon, for instance, upon which all the pressure you can 
give makes no sensible irni^ression. A winged hawk, again, will 
throw itself on its back as you come up, and show such good figlit 
with beak and taloTis, tliat you may be (]uite severely scratched in 
the (}nc(.)unter : meanwhile the struggling bird may be bespattering 
its plumage with Idood. In such a case — in any case of a large 
])ii(l making decided resistance — I think it best to step back a few 
paces ajid settle the matter with a light charge of mustard-seed. 
Any large bird once secured may be speedily despatched by stabbing 
to the heart with some slender instrument thrust in under the 
wing — cai'o must Ijc taken too about the bleeding ; or, it may be 
instantly killed by ])icrcing the brain with a knife introduced into 
the mouth and driven upward and oblkpicly backward from the 
palate. The latter nuithod is preferable, as it leaves no outward 
sign and caused no bleeding to speak of. With your thumb, you 
may indent the back part of a small bird’s skull so as to compress 
the cerebellum, which causes instant death. It is useless to compress 
the windpipe of a ))ij’d whose wing is broken near the shoulder, for 
the bone is hollow, and the bird can breathe through it. 

Handling Bleeding Birds. — Bleeding depends altogether upon 
what part or organ is wounded ; but, other things being equal, 
violence of the hfcmorrhage is usually in direct proportion to the 
size of the shot-hole ; when mustard-seed is used it is ordinarily 
very trilling, if it occur at all. Blood flows oftener from the orifice 
of exit of a shot, than from the Avound of entrance, for the latter is 
usually plugged Avith a little AA^ad of feathers. Bleeding from the 
mouth or nostrils is the rule Avhen the lungs are wounded. When 
it occurs, hold up the bird by the feet, and let it drip j a general 
s(pieeze of the body in that position Avill facilitate the drainage. 
In general, hold a bii’d so that a bleeding place is most dependent ; 
then, pressure about the part Avill help the Hoav. A “gob” of 
blood, Avhich is simply a forming clot, on the plumage may often 
be dexterously flipped almost clean aAvay Avith a snap of the finger. 
It is first-rate practice to take cotton and forceps into the field to 
plug up shot-holes, and stop the mouth and nostrils and vent on 
the spot. ^ I folloAv the custom of the books in recommending this, 
but I suspect that only a fcAv of the most leisurely and elegant 
collectors do so habitually. Shot-holes may be found by gently 
raising the feathers, or bloAving them aside ; you can of course get 
only a tiny plug into the wound itself, but it should bo one end of 
a sizable pledget, the rest lying fluffy among the feathers. In 
stopping the mouth or vent, ram the fluff of cotton entirely inside. 
You cannot conveniently stop up the nostrils of small birds sepa- 
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rately ; but take a light cylinder of cotton, lay it transversely across 
the base of the upper mandible, closely covering the nostrils, and 
confine it there by tucking each end tightly into the corner of the 
mouth. In default of such nice fixing as this, a pinch of dry loam 
jt*essed on a bleeding spot will plaster itself there and stop further 
mischief. Never try to wipe off fresh blood that has already wetted 
the plumage ; you will only make matters worse. I^et it dry on, 
and then — but the treatment of blood-stains, and other soilings of 
plumage, is given beyond. 

Carrying Birds Home Safe. — Suppose you have secured a fine 
specimen, very likely without a soiled or ruflled feather ; your next 
care will be to keep it so till you are ready to skin it. But if you 
pocket or bag it directly, it will be a sorry-looking object before 
you get home. Each specimen must be separately cared for, by 
wrapping in stout paper j writing paper is as good as any, if not 
the best. It will repay you to prepare a stock of paper before 
starting out ; your most convenient sizes are those* of a half-sheet 
of note, of letter, and of cap respectively. Either take these, or 
fold and cut newspaper to correspond. Plenty of paper will go in 
the breast pockets of the shooting coat. Make a “cornucopia,” — 
the simplest thing in the world, but, like tying a particular knot, 
hard to explain. Setting the wings closely, adjusting disturbed 
feathers, and seeing that the bill points straight forward, thrust the 
])ird head-first into one of these paper cones, till it will go no 
farther, being bound by the bulge of the breast. Let the cone be 
large enough for the open end to fold over or pinch together entirely 
beyond the tail. Be ])articular not to crumple or bend the tail- 
feathers. Lay the paper cases in the game bag or great pocket so 
that tlicy very nearly run parallel and lie horizontal; they will 
carry better than if thrown in at random. Avoid overcrowding the 
i)ackages, as far as iS reasonably practicable ; moderate pressure 
will do no harm, but if great it may make birds bleed afresh, or 
cause the fluids of a wounded intestine to ooze out and soak the 
plumage of the belly, — a very bad accident indeed. For similar 
obvious reasons, do not put a large heavy bird on top of a lot of 
little ones ; I would sooner sling a hawk or heron over my shoulder, 
or carry it by hand. If it goes in the bag, see that it gets to the 
bottom. Avoid jmtting birds in pockets that are close about your 
person ; they are almost always unduly pressed, and may gain 
enough additional warmth from your body to make them begin to 
decompose before you arc ready to skin them. Handle birds no 
more than is necessary, especially white-plumaged ones ; ten to one 
your hands are powder-begrimed : and besides, even the warmth 
and moisture of your palms may tend to injure a delicate feather- 
ing. Ordinarily pick up a bird by the feet or bill ; as you need 
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both hands to make tlie cornucopia, let the specimen dangle by the 
toes from your teeth wliile you are so employed. In catching at a 
wounded bird, aim to cover it entirely with your hand ; but wliat- 
ever you do, never seize it by the tail, which then will often be 
left in your hands for your pains. Never grasp wing-tips or tafi- 
f Gathers ; these lai'ge Hat quills would get a peculiar crimping all 
along the wc])S, very dilllcult to efface. Finally, 1 would add, there 
is a certain knack or art in manipulating, either of a dead bird or 
a birdskin, by which you may handle it with seeming carelessness 
and perfect impunity ; whilst the most gingerly fingering of an 
inex])(;ricnced })erson will leave its rude trace. You will naturally 
acquire the correct touch ; but it ca,n be neither taught nor described. 
While tile ordinary run of land-birds will lie brought home in good 
order by the foregoing method, some reipiire special precautions. 
I refer to sea-birds, such as gulls, terns, petrels, etc., shot from a 
boat. In the first place, the ])lumag(} of most of them is, in part 
at least, whih^ and of exipiisite purity. Then, fish-eating birds 
usually vomit and jiurge when shot. They are necessarily fished 
all dripping from the water. They arc too large for ])ocketing. 
If you put thcmi on the thwarts or elsewhere about the boat, they 
usually fall off, or are knocked off, into the liilge watcu’ ; if you stow 
them in the cubby-hole, they will assuredly soil by mutual jiressure, 
or by rolling about. It will rejiay you to pick them fi’om the 
water by the bill, and shake off all the water you can ; hold them 
up, or let some one do it, till they are tolerably dry ; plug the 
mouth, nostrils, and vent, if not a-Iso shot-holes ; wrap each one 
separately in a cloth (not iiajier) or a mass of tow, and jiack steadily 
in a covered box or basket takem on board for this puqiosc. With 
such jirecautions as these, birds most liable to be soiled reach the 
skinning-table in perfect order ; and your care will afterward trans- 
form them into specimens without spot or blemish. 


§ 4.— HYGIENE OF COLLECTORSHIP 

It is unnecessary to speak of the Healthfulness of a pursuit 
that, like the collector’s occupation, demands regular bodily exercise, 
and at the same time stirnulah's the mind by supplying an object, 
thus calling the whole system into exhilarating action. Yet collect- 
ing has its perils, not to be overlooked if we would adequately 
guaid against them, as fortunately we may, in most cases, by simple 
piecautions. Ihe dangers of taxidermy itself are elsewhere noticed ; 
but, besides these, the collector is exposed to vicissitudes of the 
weather, may endure great fatigue, may breathe miasm, and may 
be mechanically injured. 
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Accidents from the Gun have been already noticed; a few 
special rules will render others little liable to occur. The secret of 
safe dimhing is never to relax one hold until another is secured ; it 
is ecjually applicable to scrambling over rocks, a particularly difficult 
thing to do safely with a loaded gun. Test rotten, slippery, or 
otlierwise suspicious holds before trusting them. In lifting the 
body uj) anywhere, keep the mouth shut, breathe througli the 
nostrils, and go slowly. In swimming, waste no strength unneces- 
sarily in trying to stem a current ; yield partly, and land obliquely 
lower down ; if exhausted, Hoat ; the slightest motion of the hands 
will ordinarily keep the face above water ; and in any event keep 
your wits collected. I n fording deeply, a heavy stone will strengthen 
your position. Never sail a boat expcrimcntidly ; if you arc no 
sailor, take one with you or stay on land. In crossing a high, 
narrow footpath, never look lower than your feet ; the muscles will 
work true if not confused with faltering instructions fi*om a giddy 
brain. On soft ground, see what, if anything, hat? preceded you ; 
jjirge hoof-marks generally mean that the way is safe ; if none are 
found, inquire for yourself before going on. (Quicksand is tlie most 
treacherous, because far moi-e dangerous tliaii it looks. Cattle- 
paths, however erratic, commonly prove the surest way out of a 
difficult place, whether of uncertain footing or dense undergrowth. 

Miasm. — Unguarded exposure in malarious regions usually 
entails sickness, often preventable, however, by due precautions. It 
is worth knowing, in the first place, that miasmatic poison is most 
powerful between sunset and sunrise ; more exactly, from the damp 
of the evening until night-vapours are dissipated ; we may be out 
in the daytime with comparative impunity, where to pass a night 
would be almost certain disease. If forced to camp out, seek the 
highest and driest s])ot, put a good lire on the swamp side, and 
also, if possible, let tl’ces intervene. Never go out on an empty 
stomach ; just a cup of collee and a crust may make a decided 
difference. Meet the earliest unfavourable symptoms with quinine; 
I should rather say, if un acclimated, anticipate them with this 
invaluable agent. Endeavour to maintain high health of all 
functions by the natural means of reguhirity and temperance in diet, 
exercise, and repose. 

“ Taking Cold.” — This vague “ household word ” indicates one 
or more of a long varied train of unpleasant affections, nearly 
always traceable to one or the other of oidy tAvo causes : sudden 
duiiige of temperature, and unegual distribution of temperature on 
the surface of the person. No extremes of heat or cold can alone 
effect this result ; persons frozen to death do not “ take cold ” 
during the process. But if a part of the body be rapidly cooled, as 
by evaporation from a wet article of clothing, or by sitting in a 
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draught of air, the rest of the surface remaining at an ordinary 
temperature ; ''or if the temperature of the whole be suddenly 
changed by going out into the cold, or by coming into a warm room, 
there is much liability of trouble. There is an old saying — 


When the air comes through a hole 
Say your prayers to save your soul ; 




and I should think almost any one could get “a cold” with a 
spoonful of Avatcr on tlie wrist held to a key-hole. Singular as it 
may seem, sudden wju’ming wlicn cold is more dangerous than the 
reverse; every one has noticed how soon the handkerchief is 
required on entering a heated room on a cold day. Frost-bite offers 
an extreme illustration of this. As the Irishman said on picking 
himself up, it was not the fall, but stopping so quickly, that hurt 
him ; it is not the gradual lowering of the temperature to the 
fm^/ing-point, but its subsc(pient sudden elevation, that devitalises 
the tissue. This is why rubbing with snow, or bathing in cold 
water, is required to restore safely a frozen part ; the arrested 
circulation must be very gradually re-established, or inflammation, 
])crhai)S mortification, ensues. General precautions against taking 
cold are almost self-evident in this light. There is ordinarily little 
if any danger to be a])prehended from wet clothes, so long as 
exercise is Iccpt uj) ; for the glow compensates for the extra cooling 
by evaporatiojj. Nor is a complete drenching more likely to be 
injurious than wetting of one part. But never sit still wet ; and 
in changing rub the body dry. There is a general tendency, 
s])ringing from fatigue, indolence, or indificrence, to neglect damp 
feet ; that is to say, to dry them by the fire ; but this process is 
tedious and uncertain. I Avould say especially, off with tln^. muddy 
boots and sodden socks at once ; dry stockings and slippers, after a 
hunt, may make just the difference of your being able to go out 
again or never. Take care never to check persjhration ; during 
this process, the body is in a somewhat critical condition, and 
sudden arrest of the function may result disastrously, even fatally. 
One part of the business of perspiration is to equalise bodily 
temperature, and it must not be interfered with. The secret of 
much that might be said about hathhin when heated lies here. A 
person overheated, panting it may be, with throbbing temjdos, and 
a drj! skin, is in dang(;r partly because the natural cooling by 
evaporation from the skin is denied, and this condition is sometimes 
not far from a sunstroke. Under these circumstances, a person of 
fairly good constitution may plunge into the water with impunity, 
even with benefit. But if the body be already cooling by sweating, 
rapid abstraction of heat from the surface may cause internal 
congestion, never unattended with danger. Drinking ice -water 
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oflers a somewhat parallel case ; even on stooping to drink at the 
hrook, when flushed with heat, it is well to bathe the face and 
hands first, and to taste the water before a full draught. It is a 
well-known excellent rule, not to bathe inimeiliately after a full 
nfeal \ because during digestion the organs concerned are compara- 
tively engorged, and any sudden disturbance of the circulation may 
be disastrous. The imperative necessity of resisting drowsiness 
under extreme cold requires no comment. In walking under a hot 
sun, the head may be sensibly protected by green leaves or grass in 
the hat ; they may be advantageously moistened, but not enough 
to drip about the ears. Under such circumstances the slightest 
giddiness, dimness of sight, or confusion of ideas, should be taken 
as a warning of possible sunstroke, instantly demanding rest and 
shelter. 

Hunger and Fatigue are more closely reflated than they 
might seem to be ; one is a sign that tlie fuel is out, and the other 
asks for it. Extreme fatigue, indeaal, destroys appetite ; this simply 
means, temporary inca|3acity for digestion. But even far short of 
this, food is more easily digested and better relished after a little 
])reparation of the f\u*nacc. On coming home tired, it is much 
better to make a leisurely and reasonably nice toilet than to eat at 
once, or to sit still thinking how tired you arc ; after a change and 
a wash you will feel like a “new man,’' and go to table in caintal 
state. Whatever dietetic irregularities a higli state of civilisation 
may demand or render practicable, a normally healthy person is 
inconvenienced almost as soon as his regular meal -time passes with- 
out food ; a few can work comfortably oi* ju'ofitably fasting over six 
or eight hours. Eat Imfore starting ; if for a day’s tramp, take a 
lunch ; the most frugal meal will appeases if it do not satisfy hunger, 
and so postpone its ui-gency. As a small sciap of ])ractical wisdom, 
1 would add, keep then’cmnants of the lunch, if there are any; for 
you cannot always be siu e of getting in to sui)})er. 

Stimulation. — Wlien cold, fatigued, depressed in mind, and on 
other occasions, you may f(*.(fl inclined to resort to artificial stimulus. 
Bespecting this many-sided theme I have a few words to oiler of 
direct bearing on the collector’s case. It should bo clearly under- 
stood in the first place that a stimulant confers no strength what- 
ever; it simply calls the j)owers that be into increased action at 
their own expense. Seeking real strength in stimulus is as wise as 
an attempt to lift yourself up by the boot-straps. You may gather 
yourself to leap the ditch and you clear it ; but no smfli muscular 
energy can be sustained ; exhaustion speedily renders further ex- 
penditure impossible. But now suppose a very powerful mental 
hnpression be made, say the circumstance of a succession of ditches 
in front, and a mad dog behind ; if the stimulus of terror be suffi- 
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ciently .strong, you may leaj) on till you drop senseless. Alcoholic 
stimulus is a parallel case, and is not seldom pushed to the same 
extreme. Under its influence you never can tell when you (vre 
tired; the expenditure goes on, indeed, with unnatural rajjidity, 
only it is not felt at the time ; but the upshot is you have all tfic 
oiiginal fatigue to endure and to recover from, the fatigue 
resulting fi’om over-excitation of the system. Taken as a fortification 
against cold, alcohol is as unsatisfactory as a remedy for fatigue. 
Insensibility to cold docs not imply protection. The fact is the 
exposure is greater than before; the circulation and resinration 
being hurried, the waste is greater, and as sound fuel cannot, be 
immediately su})i)lie(l, the tem[)erature of the body is soon lowered. 
The transient warmth and gknv over, the system has both cold and 
depression to cndui e ; there is no use in borrowing from yourself 
and fancying you are richer. Secondly, the value of any stimulus 
(except in a few exigencies of disease or injury) is in ])roportion, 
not to the intensity, but to th(i equableness and dural)ility of its 
effect. This is one reason why tea, coffee, and articles of corre- 
sponding qualities are preferable to alcoliolic drinks ; they work so 
smoothly that their ethict is often unnoticed, and they “ stay by 
well ; the friction of alcohol is tremendous in comparison. A glass 
of grog may help a veteran over the fence, but no one, young or 
old, can shoot all day on li(|uor. I have had so much experience in 
the use of tobacco as a mild stimulant that 1 am probably no impartial 
judge of its merits : 1 will simply say 1 do not use it in the field, 
Ixicause it indisposes to muscular activity, and favours reflection 
when ob.servation is required ; and because temporary abstinence 
provokes the morbid ap])etite and renders the weed more grateful 
aft(jr wards. I'liirdly, undue excitation of any physical function is 
followed by corresponding depression, on the simple principle that 
action and reaction are equal ; and the balance of health turns too 
ea.sily to l)e wilfully disturlxal. Stimulation is a draft upon vital 
capital, when interest alone .should suffice ; it may be needed at 
times to bridge a chasm, but habitual living beyond vital income 
infiillibly entails bankru])tcy in health. The use of alcohol in 
health seems practically restricted to purpo.ses of sensuous gratifica- 
tion on the part of those prepared to pay a round price for this 
luxury. The three golden rules here are, — never drink before 
breakfast, nev(‘r drink alone, and never drink bad li({Uor ; their 
observance may make even the abuse of alcohol tolerable. Serious 
objections, for a naturalist at least, are that science, viewed through 
a drinking-glass, seems distant and uncertain, while the pleasure of 
drinking is immediate and unquestionable ; and that intemperance, 
being ' an attempt to defy certain physical laws, is therefoi^ 
eminently unscientific. 
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§ 5.— EEGISTRATIOX AND LABELLING 

• A mere Outline of a Field Naturalist’s Duties would he in- 
excusably incomplete without mention of these important matters ; 
and, because so much of the business of collecting must bo left to be 
acquired in the school of experience, I am the more anxious to give 
explicit directions whenever, as in this instance, it is possilde to do so. 

Record your Observations Daily. — In one sense the specimens 
themselves are your record, — ]^nmi facie evidence of your industry 
and ability ; and if labelled as I shall presently advise, they tell no 
small part of the whole story. But this is not enough ; indeed, I 
am not sure that an ably conducted ornithological journal is not 
the better half of your operations. Under your editorship of 
labelling, specimens tell what tliey know about themselves ; but 
you can tell much more yourself. Let us lodk at ,a day’s 
work : You have shot and skinned so many birds, and laid them 
away labelled. You have made observations about tlieni before 
shooting, and have observed a number of birds that you did not 
shoot. You have items of haunts and habits, a])undance or scarcity; 
of manners and actions under special circumstances, as of pairing, 
nesting, laying, rearing young, feeding, migrating,- and what not ; 
various notes of birds are still ringing in your cars ; and finally, 
you may have noted the absence of species you saw a while before, 
or had expected to occur in your vicinity. Meteorological and topo- 
graphical items, especially when travelling, are often of great assist- 
ance in explaining the occurrences and actions of birds. Now yau 
know these things, but very likely no one else docs ; and you know 
them at ilia time, but you will not recollect a tithe of them in a few 
weeks or months, to say nothing of years. Don’t trust your memory ; 
it will trip you up ; what is clear now will grow obscure ; what is 
found will be lost. Write down everything while it is fresli in 
your mind ; write it out in full ; time so spent will be time saved 
in the end, when you offer your researches to the discriminating 
public. Don’t be satisfied with a dry -as -dust item; clothe a 
skeleton fact, and breathe life into it with thoughts that glow ; let 
the paper smell of the woods. There’s a pulse in a new fact; catch 
the rhythm before it dies. Keep off the quicksands of mere 
memorandum — that means something “ to be remcml^cred,” which 
is just what you cannot do. Shun abbreviations ; such keys rust 
with disuse, and may fail in after times to unlock the secret that 
should have been laid bare in the beginning. Use no signs intel- 
ligible only to yourself ; your note-books may come to be overhauled 
by others whom you would not wish to disappoint. Be sparing of 
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sentiment, a delicate thing, easily degraded to drivel ; crude enthusi- 
asm always hacks instead of hewing. Beware of literary infelicities ; 
“the written word remains,” it may he, after you have passed 
away ; put down nothing for your friend’s blush, or your enemy’s 
sneer ; write as if a stranger were looking over your shoulder, u 
Ornithological Book-keeping may be left to your discretion and 
good taste in the details of execution. Each may consult his 
preferences for rulings, headings, and blank forms of all sorts, as 
well as particular modes of entry. But my experience has been 
that the entries it is advisable to make are too multifarious to be 
accommodated by the most ingenious formal ruling ; unless, indeed, 
you make the conventional heading “ Remarks ” disproportionately 
wide, and commit to it everything not otherwise provided for. My 
preference is decidedly for a ])lain page. I use a strongly bound 
blank l)Ook, cap si/e, containing at least six or eight quires of good 
smooth paper ; but smaller may be needed for travelling, even down 
to a pocket note-book. I would not advise a multiplicity of books, 
splitting up your record into different departments : let it bo 
journal and register of specimens combined. (The registry of your 
own collect'iug has nothing to do with the register of your cabinet 
of hirih, which is sure to include a proportion of specimens from 
other sources, received in exchange, donated, or purchased. I speak 
of this beyond.) 1 have found it convenient to commence a day’s 
record with a register of the specimens secured, each entry consisting 
of a du])licatc of the bird’s label (see beyond), accompanied by any 
furtluM’ remarks I have to make respecting the particular specimens ; 
then to go on with the full of my day’s observations, as suggested 
in the last paragraph. You thus have a register of collections in 
chronological order, told off with an unbroken series of numbers, 
checked with the routine label-items, and continually interspersed 
with the balance of your ornithological studies. Since your private 
field-number is sometimes an indispensable clew to the authentication 
of a specimen after it has left your own hands, never duplicate it. 
If you are collecting other objects of natural history besides birds, 
still have but one seiies of numbers ; duly enter your mammal, or 
mineral, or whatever it is, in its place, with the number under which 
it happens to fall. Be scrupulously accurate with these and all 
other figures, as of dates and measurements. Always use black ink ; 
lead-pencilling is never safe. 

Labelling^. — This should never be neglected. It is enough to 
make a sensitive ornithologist shiver to see a specimen without that 
indispensable appendage — a label. I am sorry to observe that the 
routine labelling of most collections is far from being satisfactory. 
A well-appointed label is something more than a slip of paper with 
the bird’s name on it, and is still defective if, as is too often the 
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case, only the locality and collector are added. A complete label 
records the following particulars : 1 . Title of the survey, voyage, 
exj)loration, or other expedition (if any), during which the specimen 
was collected. 2. Name of the person in charge of the same (and 
it itiay be remarked that the less he really cares about birds, and 
the less he actually interests himself to procure them, the more 
jjarticular he will be about this). 3. Title of the institution or 
association (if any) under the auspices or j^atronage of which the 
sj)ecimen was procured, or for which it is designed. 4. Name of 
adlector ; partly to give credit where it is due, but principally to 
lix res23onsibility, and authenticate the rest of the items. 5. 
(^ollectofs numhei'j referring to his note-book, as just explained; if 
the specimen afterwards forms part of a general collection it 
usually acquires another number by new registry ; the collector’s 
then becoming the “ original,” as distinguished from the “ current,” 
number. 6. Locality, perhaps the most imijortant of all the items. 
A specimen of unknown or oven uncertain origin is? worthless or 
nearly so. Lamentable confusion has only too often arisen in 
ornithological writings from vague or erroneous indications of 
locality. I should say that a specimen not authentic in this 
particular had better have its supposed origin erased. Nor will it 
do to say simply, for instance, “ North America ” or “ England.” 
The general geogra 2 )hical distribution of birds being acconling to 
recognised faunal areas, ornithologists generally know already the 
(quarter of the globe from which any bird comes ; the locality of 
particular specimens, therefore, should be fixed down to the very 
spot. If this be obscure, add the name of the Jiearest ^dace to be 
found on a fairly good ma}:), giving distance and direction. 7. Date 
of collection, — day of the mouth, and year. Among other reasons for 
this may be mentioned the fact that it is often important to know 
what season a particular’ijlumage indicates. 8. Sex, and if j)Ossible 
also age, of the S23ecimcn, — an item that bespeaks its own import- 
ance. Ornithologists of all countries are agreed upon certain signs 
to indicate the sex. These are : rj for male, J for female, — the 
symbols respectively of Mars and Venus. Immaturity is often 
denoted by the sign ^ ; thus, $ young male. Or, we may write 
9 ad., 9 yg., for adult female, young female, respectively. It is 
preferable, however, to use the language of science, not our 
vernacular, and say $ juv. {javeiiis, young). Niqd. signifies breed- 
ing plumage ; hornot. means a bird of the year. 9. Mcasure- 
nicats of length, and of extent of wings ; the former can only be 
obtained approximately, and the latter not at all, from a prepared 
specimen. 10. Colour of the eyes, and of the bill, feet, or other 
naked or soft parts, the tints of which may change in drying. 
1 1 . Miscellaneous particulars, such as contents of stomach, special 
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circumstances of capture, vernacular name, etc. 12. Scientific name 
of the bird. This is really the least important item of all, though 
generally thought to take precedence. But a bird labels itself, so 
to speak ; and nature’s label may be deciphered at any time. In 
fact, I would enjoin upon the collector not to write out the supposed 
name of the bird in the field, unless the species is so well known as 
to be absolutely unquestionable. Proper identification, in any case 
to which tlie slightest doubt may attach, can only be made after 
critical study in the closet with ample facilities for examination 
and comparison. But it is always well to note on the label the 
local vernacular name ; for native names, especially un-English 
ones, may l^ccomc valuable items of information. The first eight 
items above, and tlie twelfth, usually constitute the face or 
obverse of a label ; the rest are commonly written on the back or 
reverse side. Labels should be of light cardboard, or very stiff 
writing paper ; tlujy may be dressed attractively, as fancy 
suggests ; this general items of a large number of specimens are best 
printed ; the special ones must of course be written. Shape is 
immaterial. A slip aV)out three inches long and two-thirds of 
an inch wide will do veiy well for anything, from a hawk to 
a humming-bird. Something like the shipping-tag used by 
merchants is excellent, particularly for larger objects. It seems 
most natural to attach the string to the left-hand end. The slip 
should bo tied so as to swing just clear of the bird’s legs, but not 
loose enough to dangle several inches, for in that case the labels 
are continually tangling with each other when the birds are laid 
away in drawers. The following forms show the face and back of 
the last lal)el 1 hai)pcncd to write before these lines were originally 
penned \ they rtjpresimt the size and shape that I find most 
convenient for general pur[)oscs • while the legend illustrates every 
one of the twelve items above specified. 



Explorations in Dalo^ta. Dr. Elliott Coues, U.S.A. ^ 

No. ‘J(5o5. Bntoo liorralis (Oin.) V. 9 ? 

Fort Uaiitlall, ;Miss<mvi lUvor. Oot. 21.), 1872. S 

Ohveriic. 


23.00 X 53.00 X 17.50. — Eyes yellowish - gray ; bill horn - blue, 
darker at tip; cere wax -yellow; tarsi dull yellowish; claw'S 
bluish - black. Sbunach contained i)ortions of a rabbit; also, a 
large tapeworm. 


Reverse. 
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Directions for Measurement may be inserted here, as this 
matter pertains rightfully to the recording of specimens. The 
following instructions apply not only to length and extent, but to 
the j3rincipal other dimensions, which may be taken at any time. 
For iarge birds, a tape-line showing inches and fourths will do ; for 
smaller ones, a foot-rule graduated for inches and eighths, or better, 
decimals to hundredths, must be used ; and for all nice measurements 
the dividers are indispensable. Lcnfjth : Distance between the tip 
of the bill and end of the longest tail-feather. Lay the bird on its 
back on the ruler on a table ; take hold of the bill with one hand 
and of both legs with the other ; pull with reasonable force to get 
the curve all out of the neck ; hold the bird thus with the tip of 
the bill flush with one end of the ruler, and sec where the end of 
the tail points. Put the tape-line in place of the ruler, in tlie same 
way, for larger birds. E.rtent : Distance between the tips of the 
outspread Avings. They must be fully outstretched, Avith the bird 
on its back, crossAvise on the ruler, its hill pointing to your 
breast. Take hold of right and left metacarpus AAUth the thumb and 
forefinger of your left and right hand respectively, stretch Avith 
reasonable force, getting one Aving-tip flush Avith one end of the 
ruler, and see hoAV far the other Aving-tip reaches. With large 
birds pull as hard as you please, and use the table, floor, or side of 
the room ; mark the points and apply tape-line. Length of wing : 
Distance from the carpal angle formed at the bend of the wing to 
the end of the longest primary. Take it Avith compasses for small 
birds. In birds Avith a convex Aving, do not lay the tape-line over 
the curve, but under the Aving in a sti*aight line. This measure- 
ment is the one called, for short, ‘‘the Aving.” Length of tail: 
Distance from the roots of tlie rectrices to the end of the longest one. 
Feel for the pope’s-nose ^ in cither a fresh or dried specimen there is 
more or less of a palpable lump into AAdiich the tail-feathers stick. 
Guess as near as you can to the middle of this lump ; place the end 
of the ruler opposite this point, and see Avhere the tip of the longest 
tail-feather comes. Length of hill: Some take the curve of the 
upper mandilde ; others the side of the upper mandible from the 
feathers ; others the gape, etc. I take the chord of the culmen. 
Place one foot of the dividers on the culmen just Avhere the feathers 
end ; no matter Avh ether the culmen runs up on the forehead, or 
the frontal feathers run out on the culmen, and no matter Avhether 
the culmen is straight or curved. Then Avith me the length of 
the hill is the shortest distance from the point just indicated to the 
tip of the upper mandible : measure it Avith the dividers. In a 
straight bill of course it is the length of the culmen itself ; in a 
curved bill, however, it is quite another thing. Length of tar ms : 
Distance between the joint of the tarsus Avith the leg above, and 
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that with the first phalanx of the middle toe below. Measure it 
always with dividers, and in front of the leg. Lencfth of foPs : 
Distance in a straight line along the n})per surface of a toe from the 
point last indicated to the root of the claw on top. Length of 
toe is to be taken without the claw, unless otherwise specified. 
Length of the chiw.'^: Distance in a straight line from the point 
last indicated to the tip of the claw. Lrogfh of head is often a 
convenient dimension for comparison with the bill. Set one foot of 
the dividers over the base of the culmen (determined as above) 
and allow the other to slip snugly down over the arch of the 
occiput. 


G.— INSTRUMENTS, MATERIALS, AND FIXTURES FOR 
PREFARINU BIRDSKINS 

Instruments. — The only indispensable instrument is a pair of 
scissors or a knif(i ; practically, you want both of these, a ])air of 
spring-forceps, and a knitting-needle, or some similar wooden or 
ivory object. 1 have made hundreds of birdskins consecutively 
without touching another tool. Persiros odi^ joirr, (/jg/arafas / I 
always mistrust the emphasis of a collector who makes a flourish of 
instruments. You might bo surprised to see what a meagre, shaldjy- 
looking kit our best taxidermists work with. Stick to your scissors, 
knife, forcej)s, and needle. But 3^011 may as well buy, at the outset, 
a common dissecting-ca.se, such as medical students begin business 
with ; it is very cheap, and if there arc some unnecessary things in 
it, it makes a nice little box in which to keep your tools. The case 
contains, among other things, several scalpels, just the knives you 
want ; a “ cartilage-knife, which is nothing but a stout scalpel, suit- 
able for large birds ; the best kind of scissors for 3'()ur purpose, with 
short blades and long handles — if kneed at the hinge so much 
the better ; spring forceps, the very thing ; a blow-]>ipo, useful in 
man}" ways and answering instead of a knitting-needle ; and some 
little steel hooks, chained together, which you ma}^ want to use. 
But 3'ou will also ret[uire, for large birds, a very heavy pair of scissors, 
or small shears, short-bladcd and long-handled, and a stout pair of 
bone nippers. Have some ]>ins and needles ; surgical needles, which 
cut instead of punching, are the best. Get a hone or strop, if you 
wish, and a feather-duster. Use of scissors requires no comment, 
and I would urge their habitual cmplo}" instead of the knife-blade ; 
I do nine-tenths of ni}" cutting with scissors, and find it much the 
easiest. A double-lever is twice as eftective as a single one. ]\Iore- 
over, scalpels need constant sharpening ; mine are generally too dull 
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to cut much with, and I suppose I am like other people — while 
scissors stay sharp enough. The flat, thin ivory or ebony handle of 
the scalpel is about as useful as the blade. Finger-nails, which were 
made before scalpels, are a mighty help. Forceps are almost indis- 
pensable for seizing and holding parts too small or too remote to 1)c 
grasped by the fingers. The knitting-needle is wanted for a specific 
purpose noted beyond. The shears or nippers are only needed for 
what the ordinary scissors are too weak to do. 

Materials. — For stvlfuig. “AVhat do you stuff ’em withT’ 
is usually the first (question of idle curiosity about taxidermy, as if 
that were the great point ; whereas the stuffing is so small a matter 
that one might reply, “ Anything, except brickbats ! ” Ihit if stufiing 
birds were the final cause of rotton^ that admirable substance could 
not be more perfectly adapted than it is to the purposi*. Ordinary 
i*aw cotton-batting or wadding is what you want. Wlu*n I can get 
it I never think of using anything else for small birds. I would use 
it for all birds were expense no object. Here iow cAiiies in ; there 
is ,'i fine, clean, bleached article of tow jirepared for surgical dressings ; 
this is the best, but any will do. Some say chop your tow fine ; this 
is harmless, but unnecessary. A crumpled news[)a[)cr, wra[)ped with 
tow, is first-rate for a large bird. Failing cotton or tow, any 
Viffld, dry^ vrgdahU mhdtdor. may l)e made to answer, — rags, papei’, 
crumbled leaves, fine dried grass, soft fibrous inner l)ark, etc. ; the 
down of certain plants, as thistle and silkwei^d, makes an exquisite 
filling for small birds. I3ut 1 will (jualify my remark about brick- 
bats by saying : Nr/rr /our, wool, fcothrrs, or any otJirr A.XllMAIi 
Hvhfance in a birdsJdn ; far better leave it cmi)ty : for, as we shall see 
in the sequel, bugs come hist (mough, without being invited into a 
snug nest. {h) For presrrrltffj. Auskxk), — not the pure metal 
properly so called, but arsenic of the shops, or arsonious acid, — is 
the great iwescrvative. ’ Use dry powdered arsenic, plenty of it, and 
nothing else. There is no sub.stitute for ausenic worthy of the name, 
and no preparation of arsenic so good as the simple substance. 
Various kinds of “arsenical soap” were and may still Ixi in vogue; 
it is a nasty, greasy substance ; and although efficacious enough, there 
is a very serious hygienic objection to its use.^ Arsenic, I neial not 
say, is a violent irritant poison, and must therefore be duly guarded, 
but may be used with perfect impunity. It is a very heavy substance, 
not appreciably volatile at ordinary temperatures, and therefore not 

^ “Strange as it may ap[)ear to some, I ^YOllM say avoid esjjeeially nil the so-cnIle(l 
arsenical soaps ; they are at best Init tiltiiy jn'eijaratioiis ; besides, it is a fact to wliicb 
I can bear painful testimony that they are, es]»ecially wIilmi ap])lied to a greasy skin, 
l>oisonons in the extreme. T liave birii so ba<ily poisoned, while, Avorking u])on the 
f'kins of .some hit water bir<ls th.at hail been jn'epared witli aisenical sOi'i}), as to be 
made .seriously ill, the poi.son having worked into the system through some small 
'voumls or scratche.s on my hand. Had jmre arsenic been used in preparing the .skins, 
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liable, as some suppose, to be breathed, to any perceptible, much 
less injurious, extent. It will not at once enter the pores of healthy 
unbroken skin ; so it is no matter if it gets on the fingers. The 
exceedingly minute quantity that may be supposed to find its way 
into the system in the course of time is believed by many competent 
physicians to be ratlior beneficial as a tonic. I will not commit 
myself to this ; for, though I have never felt better than when 
working daily with arsenic, I do not know how much my health 
was improved by the outdoor exercise always taken at the same 
time. 'I'lie simple precautions are, not to let it lie too long in con- 
tact with the skin, nor get into an abrasion, nor under the nails. 
It will convert a scratch or cut into a festering sore of some little 
severity ; Avliile if lodged under the nails it soon shows itself by 
soreness, increased by pressure ; a wdute speck appears, then a tiny 
abscess forms, discharges, and gets well in a few days. Your pre- 
cautiems really respect other persons more than yourself ; the 
receptacle shoukl be conspicuously labelled “ POLSOX ! Arsenic 
is a good friend ; l)esides i)reserving our birds, it keeps busybodies 
and meddlesome folks away from the scene of operations, by raising 
a wholesome suspicion of the taxidermist’s surroundings. It may 
be kept in the tin pots in which it is usually sold ; but some shallower, 
broader receptacle is more convenient. A little drawer say G x G 
inches, and an inch deep, to slij) under the edge of the table, or a 
similar com])artment in a large drawer, will be found handy. A 
salt-si)oon, or little wooden shovel whittled lik(‘. one, is nice to use it 
with, though it is in fact generally taken up with the handle of the 
scalpel. As stated, there is no substitute for arsenic ; but at a pinch 
you can make temporary shift with the following, among other 
articles ; table salt, or saltpetre, or charcoal strewn plentifully ; 
strong solution of corrosive sublimate, brushed over the skin inside ; 
cr(M)sotc ; impure carbolic acid — these last two are quite efficacious, 
but they smell horribly for an indefinite i)eriod. A bird threatening 
to decoin])Ose Ixd’ore you are ready to skin it, may be saved for a 
while by inji;cting weak carbolic acid or creosote down the throat 
and up the fundament ; or by disembowelling, and filling the cavity 
with pow<lored charcoal, (r) For cleonsiiKj. Gifpsuin is an almost 
indispensable material for cleansing soiled plumage. Gypsum is 
l)roperly native hydrated sulphate of lime ; the article referred to 
is ‘‘plaster of Paris” or gypsum heated up to 200° F. (by which the 
water of crystallisation is driven oil) and then finely pulverised. 

tlie e-dVot Avould not have been ua altliongli grease and arsenic are generally a 
blood-poison in some degree ; but when combined with ‘soa])’ the etiect, at least as 
far us my experience goes, is much more injurious” (Maynauu, Huide, p. 12). In 
indorsing this, I would add that the combination is tlie more poisonous, in all prob- 
ability, dimply because the soap, being detersive, mechanically facilitates the entrance 
of the poison, without, however, cliemieally increasing its virulence. 
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When mixed with water it soon solidifies, the original hydrate being 
again formed. The mode of using it is indicated beyond. It is 
most conveniently kept in a shallow tray, say a foot square, and an 
inch or two deep, which had better, furthermore, slide under the 
tatlc as a drawer ; or form a compartment of a larger drawer. 
Rpcp (jypsum and arsenic in differeni-looldng receptacles, not so much 
to keep from poisoning yourself, as to keep from not poisoniii^ a 
birdskin. They look much alike, and skinning becomes such a 
mechanical process that you may get hold of the wrong article when 
your thoughts are wandering in the woods. Gypsum, like arsenic, 
has no worthy rival in its own field ; some substitutes, in the order 
of their applicability, are : corn-meal, probably the best tiling after 
gypsum j calcined magnesia (very good but too liglit — it lloats in 
the air, and makes you cougli) ; bicarbonate of magnesia ; powdered 
ciialk prepared chalk, creta pruparata of the drug sho})s, is the best 
kind) ; fine wood-ashes ; clean dry loam. No ai’ticle, however 
|jowdery Avlieii dry, that contains a glutinous principle^ as for instance 
gum-arabic or flour, is admissible, {d) For icrappiruj, you want a 
thin, pliable, strong paper ; toilet-pa])er is the very best ; newspaper 
is pretty good. For making the cones or cylinders in Avhich bird- 
skiiis may be set to dry, a stiffer article is required ; writing paper 
answers perfectly. 

Naturalists habitually carry a Pocket Lens, much as other 
[leople do a watch. You will find a magnifying glass very con- 
vimieiit in your scarcli for the sexual oi-gans of small birds when 
obscure, as they frccpiently are, out of the lireeding-season ; in 
picking lice from iilumage, to scuid to 3'our entomological friend, 
wdio wdll very likely pronounce them to bo of a new species ; and for 
other purposes. 

Fixtures. — When travelling, your fixtures must ordinarily be 
limited to a collecting-chest ; 3 ou will have to skin birds on the top 
of this, on the tail-board of a wagon, or on your hip, as the case may 
l)e. The chest should be very substantial — iron-bound is best ; 
strong as to hinges and lock — and have handles. A good size is 
30 X 18 X 18 inches. Let it be fitted with a set of trays; the 
bottom one say four inches deep ; the rest shallower ; the top one 
veiy shallow, and divided into compartments for your tools and 
materials, unless you fix these ou the under side of the lid. Start 
out with all the trays full of cotton or tow. At home have a room 
to yourself, if possible ; taxidermy makes a mess to which your wife 
ma3^ object, and arsenic must not come in the way of children. At 
anv^ rate have 3^our own table. Great cleanliness is indispensable, 
especially when doing much work in hot w^cather, for the jfiace soon 
smells sour if neglected. I use no special receptacle for offal, for 
this only makes another article to be cleaned ; lay down a piece of 



42 


I'TELD ORNITHOLOGY 


PAR'r I 


paper for the refuse, and throw the whole away. A perfectly smooth 
surface is desirable. I generally have a large pane of window-glass 
on the table before me. It will really be found advantageous to 
have a scale of inches scratched on the edge of the table ; only a 
small part of it need be fractionally subdivided ; this replaces tfie 
foot-rule and tape-line, just as the tacks of a dry-goods counter answer 
for flic yard-stick. You will find it worth while to rig some sort of a 
derrick arrangemeiit, which you can readily devise, on one end of 
the table, to hitch your hook to, if you hang your lurds up to skin 
them ; they should swing clear of (W'erything. llie table should 
have a large general drawer, with a little drawer for gypsum and 
arsenic, unless th(*se 1)0 ke^it elsewhere. Stidling may be kept in a 
box under the table, and make a nice footstool ; or in a bag slung 
to the table leg. 


7.— now TO MAKE A 13TKDSK1N 

(n) The Kecjulaii Process 

Lay the Bird on its Back, the bill pointing to your right ^ 
elbow. Take the scalpel like a pen, with edge of blade uppeiiiiost, 
and run a straight furrow through the feathers along the middle 
line of the belly, from end of the breast- bom^ to the vent. Part 
the feathers completely, and keep them parted.'*^ Observe a strip 
of skin either perfectly naked, or only covered with short down ; 
this is the line for incision. Take scissors, stick in the pointed 
blade just ov(;r the end of the breast-bone, cut in a straight line 
thence to and into the vent; cut extremely shallow.^ 

Take the forceps in your left hand, and scalpel in your right, 
both held pen-wise, and witli the forceps seize and lift uj) one of 
the edges of the cut skin, gently pressing away the belly-walls with 

^ Uovei-se this ;iiul followiiic: «liivo1ions tor position, if you arc left-haiulcil. 

- Tlic motion is exactly like slrokiiii' the rij^lit ami left sides of a inoiistachc 
apart ; you would never <lress the hairs smoothly away from the middle line, l)y 
j)oking from ends to root ; nor will the feathers stay asiile, unless stroked away from 
l)ase to ti[). 

d'he skill over the belly is thin as tissue paper in a small bird ; the chances are 
you will at first eiit the walls of the belly too, o]»eiung the cavity; this is no ;j:reat 
matter, for a pled^^et of cotton will keep the bowels in ; nevertheless, try to divide 
skill only. Reason tor enltiiif^ into vent : this oritiee makes a niee natural termina- 
tion of the iiieision, ])uttonliole-wise, and may keep tlie end of the cut from tearing 
around the root of the tail. Reason for beginning to cut over the edge of the breast- 
bone : tlie miiseiilar walls of the belly are very thin, and stick so close to tlie skin 
that you may he in danger of attempting to remove them with the skin, instead of 
removing the skin from them ; whereas you eamiot remove anything but skin from 
over the breast-bone, so yon have a guide at the start. You can tell skin from 
belly-wall, by its livid, transliieent whitishness instead of redness. 
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the scalpel~})oint ; no cutting is required ; the skin may ho peeled 
olf without trouble. Skin aAvay till you meet an obstacle ; it is 
the thigh. Lay down the instruments ; with your left hand take 
liold of the leg outside at the shank ; put your right forefinger 
under the raised flap of skin, and feel a bump ; it is the knee; push 
up the leg till this bump comes into view ; hold it so. Take tlio 
scissors in your right hand ; tuck one blade under the concavity of 
the knee, and sever the joint at a stroke ; then the thigh is left 
with the rest of the body, while the r(‘st of the leg is dissevered and 
hangs only by skin. Push the leg farther up till it has slipped 
out of its sheath of skin, like a finger out of a glove, down to tlic 
heel-joint. You have now to clear oft* the flesh and leave the bone 
there \ you may scrape till this is done, but there is a better way. 
Stick the closed points of the scissors in among the muscles just 
below the head of the bone, then separate the blades just wide 
enough to grasp the bone ; snip off its head ; draw the head to one 
side • all the muscles follow, being there attached ; strip them 
downward from the bone ; the bone is left naked, with the muscle 
hanging by a bundle of tendons (“leaders”) at its foot ; sevc'r these 
tendons collectively at a stroke. This whole perfornrince will 
occupy about three seconds, after practice ; and you may soon 
discover you can nick off the head of the bone of a small bird with 
the thumb-nail. Draw the leg-bone back into its sheath, and leave 
it. Pepeat the foregoing steps on the other side of the l>ird. If 
you arc bothered by the skin-flaps settling against the )>elly-walls, 
insert a fluff of cotton. Keep the feathers out of the Avound ; cotton 
and the moustache movement will do it. Js'ext you must sever the 
tail from the body, leaving a small “ pope’s-nose ” for the feathers 
to stay stuck into. Put the bird in the hollow of your lightly 
closed left hand, tail upAvard, l>elly toAA\ai‘d you ; or, if too large for 
this, stand it on its breast on the table in similar position. ThroAv 
your left forefinger across the front (under side) of the tail, pressing 
a little backAvard ; take the scissors, cut the end of the lower bowel 
free first, then peck aAA^ay at bone and muscle Avith cautious snips, 
till the tail-stump is dissevered from the rump, and the tail hangs 
only ])y skin. Y^ou Avill soon learn to do it all at one stroki^ ; but 
you cannot be too careful at first ; you arc cutting right doAvn on 
to the skin over the top of the ])ope’s-nose, and if you divide this, 
the bird Avill part company AAoth its tail altogether. Kow you liave 
the rump-stump j)rotruding naked; the legs dangling on cither 
side ; the tail hanging loose doAvn over the bird’s back, l^ay doAvn 
scissors, take up forceps ^ in your left hand ; AAuth them seize and 

^ Or at this stage you may instead stick a liook into a firm ])art of tlic rump, 
aiul hang up the hird about the level of your breast ; you tlms have both hands 
free to 'svork witli. This is advisable with all birds too large to he readily taken in 
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hold the stump of the rump ; and Avith point or handle of scalpel 
in the other hand, Avith finger-tips, or AAuth thumb-nail (best), gently 
press doAvn on and peel away skind No cutting Avill be required 
(usually) till you come to the Avings : the skin peels off (usually) as 
easily as an orange-rind ; as fast as it is loosened, evert it ; that is, 
make it continually turn itself more and more completely inside 
out. Work thus till you are stopped by the obtruding Avings.^ 
You have to sever the Aving from the body at the shoulder, just as 
you did tlie leg at the knee, and IcaA^c it hanging by skin alone. 
Take your scissors, ■* as soon as the upper arm is exposed, and cut 
through ll(‘sli and l)()nc alike at one stroke, a little below (outside 
of) the shoulder-joint. Do the same Avith the otlier Aving. As 
soon as the Avings are severed the body has been skinned to the 
root of the neck ; the process becomes very easy ; the neck almost 
slips out of its sheath of itself ; and if you have properly attended 
to keeping the feathers out of the Avonnd and to continual eversion 
of the skin, you' now find you have a naked body connected dumb- 
l)cll-Avise l)y a naked neck to a cap of reversed skin into Avhich 
the head has disappeared, from the inside of Avhich the legs and 
Avings dangle, and around the edges of AAdiich is a roAV of plumage 
and a tail.^ Here comes up an important consideration: the skhi, 
])lainage, legs, Avings, and tail together Aveigh something, — enough 
to stretch unduly the skin of the neck, from the small cylinder of 


liimcl, iind will you, at first, with any hird. Ikit there- is really no use of it 
with a siiiall hird, and you may as well learji the host way of working at fii'st as 
afterward. 

' ddu* idea of the whole inovoinent is exactly like nngloving your hand from the 
wrist, hy turning the. glove inside out to the very finger tips. Some say, 
dll' tlie skin ; 1 s;iy 'iicrt'r }iull a bird’s skin under any circumstances : push it off, 
always operating at lines of contact of skin with body, never upon areas of skin 
already didaelnsl. 

- 'J’lie elltows will get in your way before you reach tkc point of attack, namely, 
the slioulder, unless the wings were- coinidetely relaxed (as was essential, indeed, if 
you measured alar exi)anse correctly). Think wdiat a dinerenec it would make, w^ere 
you skinning a man tlirough a slit in tlie belly, wdietlier his arms were stretched 
al)Ove his hea<l or ]»inned against his ribs. It is just the same with a bird. When 
ju’operly relaxe«l the wings are readily ]»ressed away toward the bird’s head, so that 
the shoulders are eiieonnteretl before tlie eiliows. 

^ Sliears will he recpiired to erasli tlirough a large arm-hone. Or, you may wnth 
the scal])el unjoint the shoulder. 'J’he joint will he found higher up and deeiier 
among Die breast niuscdes tlian you might sujipose, unless you are used to carving 
fowls at table. Witli a small bird, you may snap the bone Avitli the thumb-nail and 
tear asunder tlie muscles in an instant. 

You tind that the little straight cut you made along the belly has somehow 
become a liole larger than the greatest girth of the bird ; be undismayed ; it is all 
right. 

'' If you have up to this ])oint jiroperly pys-JiciI. off the skin instead of puUinff it, 
there is as yet probabl}'^ no stretching of any consetpieiice ; but, iii skinning the 
liead, which comes next, it is almost impossible for a beginner to avoid stretching to 
an extent involving great damage to the gooil looks of a skin. Try your utmost, by 
delicacy of manii>ulation at the lines of contact of skin with flesh, and only there, to 
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which they are now suspended ; the whole mass must he supported. 
For small birds, gather it in the hollow of your left hand, letting the 
body swing over the back of your hand out of the way ; for large 
ones, rest the affair on the table or your lap. To skin the head, 
Secure the body in the position just indicated, by confining the neck 
between your left thumb and forefinger ; bring the right fingers 
and thumb to a cone over the head, and draw it out with gentle 
force ; or, holding the head itself between tlie left thumb and 
forefinger, insert the handle of the scalpel between the skin and 
skull, and j^ry a little, to enlarge the neck-cylindcr of skin enougli 
to let the head pass. It will generally ^ slip out of its hood very 
readily, as far as its greatest diameter ; ^ there it sticks, being in 
fact pinned by the cars. Still holding the bird as before, with the 
point of the scalpel handled like a nut-picker, or with your thumb- 
nail, detach the delicate membrane that lines the ear-opening ; do 
tlie same for the other ear. The skull is then shelled out to the 
eyes, and will skin no farther of its owm accord, being again 
attached by a membrane, around the border of the eye-socket. 
Holding the scalpel as before, run its edge around an arc (a semi- 
circle is enough to let you into the orbit) of the circumference, 
dissevering the membrane finm the Iioiie. Reverse the scalpel, and 
scoop out the eyeball with the end of the handle; you bring out 
the eye betwixt the ball of your thumb and the handle of the 
instrument, tearing apart the optic nerve and the conjunctival 
tissue, but taking care not to open the eyeball^ or lacerate the 
eyelids. Do the same with the other eye. The head is then 
skinned far enough ; there is no use of getting quite to the base of 
the bill. You have now to get rid of the brain and liesh of the 
na[)e and jaws,*^ and leave most of the skull in ; the cranial dome 
makes the only perfect “ stuffing for the skin of the head. This 
is all done at once by only four particular cuts. Hold the head 


l)reveiit k-iigtlnviso strotcliin". Crosswi.se distension is of no consequence ; in fact 
more or le.ss of it is usually required to skin the head, and it tends to counteract the 
ill elfect of undue cdongation. 

^ The sj)eeial case of hea<l too large for the caliljre of the iieek is treated 
beyond. 

- And you will at once lind a great apparent increase of amount of free skin in 
your hand, owing to release and extension of all that was before shortened in length 
hy circular distension, in enlargement of the neck-cylinder. 

^ An eyeball is much larger than it looks from the outside ; if you stick the 
instrument straight into the socket, yon may punch a liole in tlie ball and let out 
the water — a very disagreeable conqdicatioii. Tnsinnate the knife-handle close to the 
rim of the socket, and hug the wall of the cavity throughout. 

Yon may of coiir.se at this stage cut olf the neck at tlie nape, pnmdi a hole in 
the base of the .skull, dig out tlie lirains, and scrape away at the jaw-muscles till yon 
are satisfied or tired ; an umiecessary job, during which tlie skin jnay have become 
dry and .shrivelled and hard to turn right side out. The ot^eratioii described in the 
text may require five secomls, perliajis. 
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between your left thumb and fingers, the bill pointing towards you, 
the bird’s palate facing you ; you observe a space bounded behind 
by the base of the skull where the neck joins, in front by the floor 
of the mouth, on either side by the in^ongs of the under jaw, — these 
last especially prominent. Take the scissors ; stick one blade just 
inside one branch of the lower jaw, thence into the eye-socket 
which lies below (the head being upside down), thence into the 
brain-box; make a cut parallel Avith the jaw, just inside of it, 
bringing the upper scissor-blade perpendicularly downAvard, crash- 
ing through the skull just inside of the angle of the jaAv. Duplicate 
this cut on the other side. Connect the anterior ends of these cuts 
by a transverse one across the floor and roof of the mouth. Connect 
tlm posterior ends of the side cuts by one across the back of the skull 
near its base, — ^.just Avhere the nape-muscle ceases to override the 
cranium. You have enclosed and cut out a squarish-shaped mass of 
bone and muscle, and, on gently pulling the neck (to Avhich of course 
it remains attached) the Avhole attair coim^s out, bi’inging the brain 
AWtli it, but leaving the entire roof of the skull supported on a scaffold- 
ing of jaAv-])onc. It only remains to skin the wings. Seize the arm- 
stump with lingers or forceps ; the upper arm is readily drawn from 
its slieath as far as the elbow ; but the Aving must be skinned to 
the Avrist (caipus — “ bend of the Aving ”) ; yet it Avill not come out 
easily, l)Gcause the secondary quills grow to one of the forearm 
bones (the ulna), ])inning doAvn the skin the Avhole Avay along a 
series of points. To break up these connections, hold the upper 
arm firmly Avith the left thumb and forefinger, the convexity of the 
clboAV looking toAvards you 3 press the right thumb-nail closely 
against the back edge of the ulna, and strip doAvnward, scraping 
the bone Avitli the nail the Avholc Avay. If you only hit the line of 
adhesions, there is no trouble at all about this. Now you Avant to 
leave in one of the tAvo forearm bones, to preserve sufficiently the 
shape of the limb, but to remove the other, Avith the upper-arm 
bone and all the flesh. It is done in a moment : stick the point of 
the scissors betAveen the heads of the tAvo forearm bones, and 'cut 
the hinder one (ulna) aAvay from the elboAv ; then the other fore- 
arm bone (radius), bearing on its near end the elboAV and the Avhole 
upper-arm, is to be stripped aAvay from the ulna, taking with it the 
flesh of the forearm, and to be cut off at its far end close to the 
Avrist-joint, one stroke scA^ering the bone and all the tendons that 
pass over the wrist to the hand; then the ulna, bare of flesh, is 
alone left in, attached at the Avrist. DraAv gently on the Aving from 
the outside till it slips into the natural position Avhence you everted 
it. Do the same for the other Aving. This finishes the skinning 
process. The skin is noAV to be turned right side out. Begin any 
AA’ay you please, till you see the point of the bill reappearing among 
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the feathers ; seize it with fingers or forceps, as convenient, and use 
it for gentle traction. But by no means pull it out by holding on 
to the rear end of the skin — that would infallibly stretch the skin. 
Holding the bill, make a cylinder of your left hand and coax the 
skin backward with a sort of milking motion. It will come easily 
enough, until the final stage of getting the head back into its skull- 
ca]) ; this may require some little dexterity ; but you cannot fail to 
get the head in, if you remember what you did to get it out. When 
this is fairly accomplished, you for the first time have the pleasure 
of seeing something that looks like a birdskin. Your next care is 
to apply arsenic. Lay the skin on its back, the opening toward 
you and wide spread, so the interior is in view. Run the scalpel- 
handle into the neck to dilate that cylinder until you can see the 
skull ; find your way to the orifices of the legs and wings ; expose 
the pope’s-nose ; thus you have not only the general skin surface, 
but all the points where some traces of flesh were left, fairly in 
view. Put in arsenic ; send some down the neck, making sure it 
reaches and plentifully besprinkles the whole skull ; drop a little 
in each wing-hole and log-hole ; leave a small pile at the root of the 
tail ; strew some more over the skin at large. The simi^le rule is, 
put in as much arsenic as will stick anywhere. Then close the 
opening, and shake up the skin ; move the head about by the bill ; 
rustle the wings and move the legs ; this distributes the poison 
thoroughly. If you have got in more than is necessary, as you may 
judge by seeing it piled up dry, anywhere, hold the skin with the 
opening dowuAvard over the poison-drawer, and give it a flip and let 
the superfluous powder fall out. Now for the “make-up,” upon 
which the beauty of the preparation depends. First get the empty 
skin into good shape. Let it lie on its back ; draw it straight out 
to its natural length. See that the skin of the head fits snugly ; 
that the eyes, ears, and jaAvs are in place. Expand the Avings to 
make sure that the bone is in place, and fold them so that the 
quills override each other naturally ; set the tail-feathers shingle- 
Avise also ; draw doAvn the legs and leave them straddling wide 
apart. Give the plumage a preliminary dressing ; if the skin is free 
from kinks and creases, the feathers come naturally into place ; 
particular ones that may be awry should be set right, as may be 
generally done by stroking, or by lifting them free repeatedly, and 
letting them fall ; if any (through carelessness) remain turned into 
the opening, they should be carefully picked out. Remove all traces 
of gypsum or arsenic Avith the feather-duster. The stuffing is to be 
put in through the opening in the belly ; the art is to get in just 
enough, in the right places. It Avould never do to push in pellets 
of cotton, as you would stuff a pilloAV-case, till the skin is filled up ; 
no subsequent skill in setting could remove the distortion that 
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would result.1 It takes just fanr pieces of stuffing — one for each 
eye, one for the neck, and one for the body ; while it requires 
rather less than half as much stuffing as an inexperienced person 
might suppose. Take a slired of cotton that will make a tight ball 
as large as the bird’s eye ; stick it on the end of your knitting- 
needle, and by twirling the needle whilst the cotton is confined in 
your finger tips, you make a neat ball. Introduce this through the 
belly-opening into the eye-socket; if you have cut away skull 
enough, as already directed, it wiW go right in ; disengage the 
needle with a reverse twirl, and withdraw it. Take hold of the 
bill with one hand, and with the forceps in the other, dress the eye- 
lids neatly and naturally over the elastic substance wnthin. Eepeat 
for the other eye. Take next a shred of cotton that will roll into 
a firm cylinder rather less than the size of the bird’s neck. Eoll it 
on the needle much as you did the eyc])all, introduce it in the same 
way, and rani it firmly into the base of the skull ; disengage the 
needle by twirling it the other way, and withdraw it, taking care 
not to dislodge the cotton neck. If now you peep into the skin 
you will sec the end of this artificial neck ; push it up against the 
skin of the breast, — it must not lie down on the back l)etween the 
shoulders.'*^ The body-wad comes next, to imitate the size and shape 
of the bird’s trunk. Take a mass of cotton you tliink will be 
enough, and take about half of this ; that will be plenty (cotton is 
very elastic). It should make a tolerably firm ball, rather egg- 
shaped, swelling at the brc'ast, smaller behind. If you simply 
S([ucezo up the cotton, it will not stay compressed ; it requires a 
motion something like that which bakers employ lo knead dough 
into the sluipe of a loaf. Keep tucking over the borders of the 
cotton till the desired shape and firmness are attained. Insert the 

^ For any ordinary bird up to tlie size of a crow, it is often directed that tlie 
le<r.hones and win.^'-boncs be wrapped Avilh cotton ov tow. 1 should not think of 
patting' anything around the wing-bones of any bir<l up to the size of an eagle, SA^aii, 
or pelican. Examination of a .skinned wing will show hoAv extremely compact it is, 
exce]it just nt the shoulder. What you remove will never make any difference from 
the outside, while you would alino.st inevitably get in too mueli, not of the right 
shapis and make an awkward bulging no art rvould remedy ; I say, then, leave the 
wings of all but the largest birds rni/ai/, and ])ut in very little cotton under any cir- 
cumstances, As for leg.s, the whole host of small perching birds need no wrapping 
Avhatever ; de])ejnl n{)Oii it you avUI make a nicer skin rvitliout wrapping. But large 
birds and those with very muscular or otherwise prominent legs must have the 
removal of flesh eompensaUMl. 1 treat of these cases beyond. 

- Although a bird’.s neck is ivally, of course, in direct continuation of the back- 
bone, yet the natural sigmoi<l curve of the neck is .sucli that it virtually takes depart- 
ure rather from tlie breast, its lower curve being received between the prongs of the 
merrythought. This is what we iim.st imitate iu.stead of the true anatomy. If you 
let the end of the neck lie between the .shoulders, it will infallibly pres.s them apart, 
.so that the interscapular plumage cannot shingle over the scapular feathers as it 
should, and a gaping place, showing down or even naked skin, will result. Likewise, 
if the neck be made too large (the chances are that way at first), the same result 
follows. These seemingly trifling points are very important. 
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ball between the blades of the forceps in such way that the instru- 
ment confines' the folded-over edges, and with a wriggling motion 
insinuate it aright into the body. Before relaxing the forceps, put 
your thumb and forefinger in the bird’s armpits, and pinch the 
shohlders together till they almost touch ; this is to make sure that 
there is no stuffing between the shoulders, — the whole mass lying 
breastwards. Loosen the forceps and withdraw them. If the ball 
is rightly made and tucked in, the elasticity of the cotton will 
chiefly expend itself in puffing out the breast, which is just what is 
wanted. Be careful not to push the body too far in \ if it impacts 
against the skin of the neck, this will infallibly stretch, driving the 
shoulders apart, and no art will remedy the unsiglitly gap resulting. 
You see I dwell on this matter of the shoulders ; the whole knack 
of stuffing correctly focuses just over the shoulders. If you find you 
have made the body too large, pull it out and make a smaller one ; 
if it fits nicely about the shoulders, but is too long to go in, or too 
puffy over the belly, let it stay, and pick away shreds at the open 
end till the redundancy is remedied. Your bird is now stuffed. 
Close the opening by bringing the edges of the original cut together. 
There is no use of sewing up the cut for a small bird ; if the 
stuffing is correct, the feathers Avill hide the opening ; and if they 
do not, it is no matter. You are not making an object for a show- 
case, but for a naturalist’s cabinet. Supposing you to have been so 
far successful, little remains to be done ; the skin already looks very 
much like a dead bird ; you have only to give the finishing touches, 
and “ set ” it. Fixing the wings nicely is a great point. Fold each 
^ving closely; see that the carpal bend is well defined, that the 
coverts show their several oblique rows perfectly, that all the quills 
override each other like shingles. Tuck the folded wings close up 
to the body — rather on the bird’s back than along its sides ; see 
that the wing tips meet over the tail (under the tail as the bird lies 
on its back) ; let the carpal angle nestle in the plumage ; have the 
shoulders close together, so that the interscapular feathers shingle 
over the scapulars. If the wing be pressed in too tightly, the 
scapulars will rise up on end ; there must be neither furrow nor 
ridge about the insertion of the Avings ; everything must lie perfectly 
smooth. At this stage of the process lift u]) the skin gingerly, and 
let it slip head first through one hand after the other, pressing here 
or there to correct a deformity, or uniformly to make the whole 
skin compact. The Avings set, next bring the legs together, so that 
the bones Avithin the skin lie parallel with each other ; bend the 
heel - joint a little, to let the tarsi cross each other about their 
middle ; lay them sideAvise on the tail, so that the naturally flexed 
toes lie flat, all the claAVs facing each other. See that the neck is 
perfectly straight, and, if anything, shortened rather than out- 
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.strctclied ; have the crown of the head flat on the table, the bill 
pointing straight forward,^ the mandibles shut tightly. ^ Never 
attem[)t any "hincy attitudes with a birdskin ; the simpler and 
more compactly it is made up the better.^ Finally, I say, hang 
over your l)ird (if you have time) ; dress better the feathers that 
were well dressed before ; perfect every curve ; finish caressingly, 
and put it away tenderly, as you hope to be shriven yourself when 
the time comes. 

There arc several ways of laying a birdskin. A common, easy, 
and slovenly way is to thrust it head first into a paper cone ; but 
it midvcs a liollow-chcsted, pot-bellied object, unpleasant to sec, and 
renders your nice work on the make-up futile. A paper cylinder, 
corresponding in calibre to the greatest girth of the birdskin, binds 
the wings well, and makes ;i good specimen. Kemarking that there 
arc some detcstalfle practices, sucli as lianging up a bird by a string 
through the nose (methods only to be mentioned to be condemned), 
I will tell yo*u the easiest and best way by which the most elegant 
and tasteful results are secured. The skins are simply laid away in 
cotton, just as they come from your hands. Take a considerable 
Avad of cotton, make a bed of it, lay the specimen in, and tuck 
it up nicely around the edges. I generally take a thin sheet of 
cotton wadding, the sizing of Avhich confers some textile consist- 
ency, and Avraj) tlic bird completely but lightly in it. By loosening 
or tightening a trifle here or there, laying down a pilloAV or other 
special slight pressure, the most delicate contour-lines may be 
preserved Avith fidelity. Unnecessary potlnu* is sometimes made 
about skins ; the fact being that under ordinary circumstances 

they could not be ke})t from drying perfectly ; and they dry in 

' Ext’i‘jitu)iis. AVooiliH'ckt'rs, ducks, niul some oilier birds treated of beyond, are 
best set witli the liea<l tiat on one side, the bill pointing oblhpiely to the right or 
lett ; owls, with tlie bill |)ointing straight up in the aif as the bird lies on its back. 

- It the mandibles gaiti*, run a thivacl through tlie nostrils and tie it tightly under 
the bill. Or, since this injures the nostrils (and we frequently want to examine their 
structure), stick a ])in in under the bill close to the gonys, driving it ol^liqnely into 
the palate. Sonietinuis the skin of the throat looks sunken hetwixt the sides of the 
jaw. A shred ot cotton introduced with force] »s through the mouth will obviate 
this. 

Don t cock up the head, trying to inqiart a knowing air— it cannot be done, and 
only makes the ]toor bird look rhlicnlons. Don’t Jay the skin on one side, with tlie 
legs in ])crching i>osition, and don’t s])read the wings — the bird will never 2)erch nor 
lly again, and the suggestion is not in keeping. The only ])ernussible de})artiire from 
tlie rule ol seven* sim^ilicity is when some sjieeial ornament, as a tine crest, may be 
naturally dis]»layc<l, or some liidden markings be brought out, or a shaj^e of tail or 
wing to be perjictnated ; hut in all such cases the “ sjiread-eagle ” style should be 
sparingly indulged. It is, however, Jretpiently desirable to give some s])ccial set to 
hide a defect, as loss of plumage, etc. ; this may ofti*n be accomplished very enn- 
^bngl}, with excellent result. No rnle.s tor this can be laid down, since the details 
vary in every c.'ise ; but in general the weak sjiot may be hidden by contracting the 
skill of the place, and then setting the bird in an attitude that naturally corresponds, 
thus making a virtue of necessity. 
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exactly the shape they are set, if not accidentally pressed upon. 
At sea, however, or during unusually protracted wet weather, they 
of course dry slowly, and may require some attention to prevent 
mildew or souring, especially in the cases of very large, thick- 
skintied, or greasy specimens. Tliorough poisoning, and drying by 
a fire, or placing in the sun, will always answer. Very close packing 
retards drying. When travelling, or operating under other circum- 
stances requiring economy of space, you must not expect to turn 
out your collection in elegant order, rerfection of contour-lines 
can only be secured by putting each specimen away by itself ; 
undue pressure is always liable to pioduce unhappily ouM configura- 
tion of a skin. Trays in a packing box are of great service in 
limiting possibilities of pressure ; they should be shallow ; one four 
inches deep will take a well -stuffed hen -hawk, for example, or 
accommodate from three to six sparroAvs atop of one another. It is 
Avcll to sort out your specimens somewhat according to size, to keep 
heavy ones off little ones ; though the chinks around the former 
may usually be economised with advantage by packing in the less 
valuable or the less neatly prepared of the latter. When limited 
to a travelling chest, I generally pass in the skins as fast as made, 
packing them solid in one sense, yet finding a nice resting-place 
for each. If each rests in its own cotton coffin, it is astonishing 
how close they may be laid Avithout harm, and hoAV many Avill go 
in a given space ; a tray 30 x 18 x I inches Avill easily hold three 
hundred and fifty birds six inches long. As a tray fills up, the 
drier ones first put in may be submitted to more pressure. A skin 
originally dried in good shape may subsequently be pressed perfectly 
flat Avithout material injury ; the only thing to avoid being distor- 
tion. The Avhole knack of jiacking birds corresponds to that of 
filling a trunk solidly full of clothes, as may easily be done Avithout 
damage to an immaculate* shirt-front. Finally, I Avould say, never 
put aAvay a bird unlabollcd, not even for an hour ; you may forget 
it or die. Never tic a label to a bird’s bill, Aving, or tail ; tie it 
securely to legs Avhere they cross, and it Avill be just half as 
liable to become detached as if tied to one leg only. Never paste 
a label, or even a number, on a bird’s plumage. Never put in glass 
eyes before mounting. Never paint or A'arnish a bird’s bill or feet. 
Never replace missing plumage of one bird with the feathers of 
another — no, not even if the birds came out of the same nest.^ 

^ [Tn presenting anew, and to an English public, the foregoing directions for iiiani- 
indation, the author may be pardoned if he alludes to the tcht of time in tlieir favour. 

of his earliest specimens, made in 18.’!>7, are extant, and in good order still. 
Many of the large cabinets, both in Europe and the United States, include some of 
his preparations, received in exchange through the Smithsonian Institution, or through 
l>rivate channels. They will be found, as a rule, compact yet shapely, with a smooth 
linish, and very durable, lie may add, lest this paragrajdi should be misunderstood, 
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(6) Special Processes; Complications and Accidents 

The Foregoing Method of procedure is a routine practice 
applicable to the “ general run ” of birds. But there are se»ireral 
cases requiring a modificatioti of this process ; while several circum- 
stances may tend to embarrass operations. The principal special 
conditions may therefore be seimrately treated to advantage. 

Size. — Other things being equal, a large bird is more difficult 
to prei)arc than a small one. In one case, you only need a certain 
delicacy of touch, easily acquired and soon becoming mechanical ; 
in the other, demand on your strength may be made, till your 
muscles ache. It takes longer, too ; ^ I could jiut away a dozen 
sparrows in the time I should spend over an eagle ; and I would 
rather undertake a hundred humming-birds than one ostrich. For 
large birds, say anything from a hen-hawk upward, various special 
manii)iilatioiis I have directed may be forgone, while however you 
observe their general drift and intent. You may open the bird as 
directed, or, turning it tail to you, cut with a knife.- Forceps are 
rarely required ; there is not much that is too small to be taken in 
hand. As soon as the tail is divided, hang up the bird by the 

tljat Ijc lias seldom purcliased a birdskiii, never sold one in Ids life, and for some 
years lias owned none. Excelling a few given to friends, his ornithological specimens, 
as well as those in other departments of natural history, have always been presented 
to tlie United States Governiueiit, and deposited in the national collection at 
Washington. 9tli September 1889.] 

^ The reader may be curious to know something of the statistics on this score — 
how long it ought to lake 1dm to prepare an ordinary skin. He can scarcely imagine, 
from his first tedious operations, how ex])ert he may become, not only in beauty of 
result, but in ra])iility of execution. I have seen taxiderndsts make good small skins 
at the rate of ten an hour ; but this is ex traon Unary. The quickevst work 1 ever did 
myself was eight an hour, or an average of seven and a half ndnutes apiece, and fairly 
good skins. Rut 1 picked my birds, all small ones, well shot, labelled, measured, 
and plugged beforehand, so that the rate of work was exceptional, besides including 
only the ai:tual mani])idaiions from first cut to laying away. No one averages eight 
birds an hour, even excluding the necessary ]»reliininaries of cleansing, jdugging, etc. 
Four birds an hour, everything included, is good work. A very endiient ornithologist 
of America, ,aud an exjiert taxidermist, once laid a whimsical wager that he would 
skill and stuir a bird before a certain friend of liis could pick all the feathers off a 
specimen of the same kind. 1 forget the time, but he won, and his friend ate crow, 
literally, that night. 

^ Certain among larger birds are often opened elsewhere than along the belly, 
with what advantage I cannot say from my own experience. Various water-birds, 
such as loons, grebes, auks, gulls, and ducks (in fact any swimming-bird with dense 
under plumage), may be opened along tlie side by a cut under the wings from tlie 
shoulder over tlie liip to tlie rump ; the cut is conqdetely hidden by the make-up, 
and the plumage is never ruffled. But I see no necessity for this ; for, as a rule, the 
belly-opening ecu be completely effaced with due care, though a very greasy bird 
with white under iiluniage generally stains where opened, in spite of every precaution. 
Such birds as loons, grebes, cormorants, and penguins are often opened by a cut 
across the fundament from one leg to the other ; their conformation in fact suggests 
aud favours this operation. I have often seen water-birds slit down the back ; but I 
consider it poor practice. 
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rump, so you will have both hands free. Let it swing clear of the 
wall or table, at any height most convenient. The steel hooks of a 
dissecting case are not always large enough ; use a stout fish-hook 
with the barb filed off. Work with your nails, assisted by the 
scalpel if necessary. I know of no bird, and I think there is none, 
in England at least, the skin of which is so intimately adherent by 
fibrous or muscular tissue as to require actual dissecting throughout ; 
a gannet comes, perhaps, as near this as any ; but in many cases 
the knife may be constantly employed with advantage. Use it 
with long clean sweeping strokes, hugging the skin rather than the 
body. The knee and shoulder commonly rcfpiire disarticulation, 
unless you use bone-nippers or strong shears. To make the four 
cuts of the skull may need a very able-bodied instrument, even a 
chisel. The wings will give the most troul)le, and they require a 
special process \ for you cannot readily break up the adhesions of 
the secondary quills to the ulna, nor is it desirable that very large 
feathers should be deprived of this natural support. • Hammer or 
nip off the great head of the upper-arm bone, just below the insertion 
of the breast-muscles ; clean the rest of that bone and leave it in. 
Tie a string around it (what sailors call “ two half-hitches ” gives a 
secure hold on the bony cylinder), and tic it to the other humerus, 
inside the skin, so that the tAvo bones shall be rather less than their 
natural distance apart. After the skin is brought right side out, 
attack the Avings thus : Spread the Aving under side uppermost, and 
secure it on the table by driving a tack or brad through the Avrist- 
joiiit ; this fixes the far cud, Avhile the weight of the skin steadies 
the other. Kaise a Avhole layer of the under Aving-co verts, and make 
a cut in the skin thus exposed, from elboAV to Avrist, in the middle 
line betAveen the tAVO fore-arm bones. Raise the flaps of skin and 
all the muscle is laid bare ; it is to be removed. This is best done 
by lifting each muscle frohi its bed separately, slipping the handle of 
the scalpel under the individual muscles ; there is little if any bony 
attachment except at each end, and this is readily severed. Strew 
in arsenic ; a little cotton may be used to fill the bed of muscle 
removed from a very large bird ; bring the flaps of skin together, 
and smooth doAvn the coverts ; you need not scav up the cut, for 
the coverts will hide the opening ; in fact, the operation does not 
shoAV at all after the make-up. Stuffing of large birds is not 
commonly done Avith only the four pieces already directed. The 
eyeballs, and usually the neck-cylinder, go in as before ; the body 
luay be filled any Avay you please, provided you do not put in too 
much stuffing nor got any betAveen the shoulders. Large birds had 
better have the leg-bones Avrajiped to nearly natural size. Observe 
that the leg -muscles do not form a cylinder, but a cone ; let the 
wrapping taper naturally from top to bottom. Attention to this 
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point is necessary for all large or medium-sized birds with naturally 
prominent legs. The stout finely feathered legs of a hawk, for 
example, ought to be well displayed ; with these birds, and also 
with rails, etc., moreover, imitate the bulge of the thigh with a 
special wad laid inside the skin. Large birds commonly refluire 
also a special wad introduced by the mouth, to make the swell of 
the throat \ this wad should be rather fiiilfy than firm. As a rule, 
do not fill out large ])irds to their natural dimensions ; they take 
up too much room. Let the head, neck, and legs be accurately 
prepared, lait leave the main cavity one-third if not one-half empty; 
no more stuffing is re(|uired than will fairly smooth out creases in 
the sivin. Iveduce bulk rather by flattening out than by general 
compression. U so tow instead of cotton ; and if at all short of tow, 
economise with paper, hay, etc., at least for the deeper portions of 
the main stuffing. Large birds may be set in a great quantity 
of tow ; wraj)ped in paper, much like any other parcel ; or simply 
left to dry* on the table, the wings being only supported by 
cushioning or otlier suitable means. 

Shape. — Some special configurations have been noticed in the 
last paragrapli, prematurely perhaps, but leading directly up to 
further considerations respecting shape of certain birds as a modify- 
ing clement in tlic i>rocess of preparation. As for skinning, there 
is one extremely important matter. Most ducks, many wood- 
peckers, flamingoes, and some others, cannot be skinned in the 
usual way, because the head is too large for the calibre of the neck 
and cannot be drawn through. In such cases, skin as usual to 
the base of the skull, cut off the head there (inside the skin of 
course), and operate upon it, after turning the skin right side out, 
as follows ; Part the feathers carefully in a straight line down the 
back of the skull, make a cut through the skin, just long enough to 
pci’init the head to pass, draw^ out the skull through this opening, 
and dress it :is already directed. lieturn it, diaw the edges of the 
cut nicely together, and sew up the opening with a great many fine 
stitches. Simple as it may appear, this process is often embar- 
rassing, for the c\it has an unhapi)y tendency to w^ander about the 
neck, enlarging itself even under the most careful manipulation ; 
while the feathers of the parts are usually so short that it is diffi- 
cult to efface all traces of the operation. I consider it very dis- 
agreeable ; but for ducks I know of no alternative. I have, however, 
found out a way to avoid it Avitli woodpeckers, excepting the very 
largest ; it is this : Before skinning, part the eyelids, and plunge the 
scalpel right into the eyeball ; seize the cut edge of the ball witli 
the forceps, and pull the eye right out. It may be dexterously done 
without spilling the eye-water on the plumage ; but, for fear of this, 
previously put a little gypsum on the .spot. Throw arsenic into the 
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socket, and then fill it with cotton poked in between the lids. The 
(iyes are thus disposed of. Then, in skinning, when you come to 
the head, dissever it from the neck and work the skull as far out as 
you can ; it may be sufficiently exposed, in all cases, for you to 
gouge out the base of the skull with the scissors, and get at the 
brain to remove it. Apply an extra large dose of arsenic, and you 
will never hear from what jaw-muscle has been left in. In all 
these cases, as already remarked, the head is preferably set lying 
on one side, with the bill pointing obliquely to the right or left. 
Certain birds require a special mode of setting ; these are, birds with 
very long legs or neck, or both, as swans, geese, pelicans, cormo- 
rants, siiakebirds, loons, and especially cranes, herons, ibises, and 
flamingoes. Long legs should be doubled completely on themselves 
])y bending at the heel-joint, and either tucked under the wings or 
laid on the under surface ; the chief point is to see that the toes lie 
fiat, so that the claws do not stick up, to catch in things or get 
broken olf. A long neck should be carefully folded ; mot at a sharp 
angle with a crease in the skin, but with a short curve, and brought 
round either to the side of the bird or on its breast, iis may seem 
most convenient. The object is to make a bale of the skin as 
nearly as may be, and when it is properly eflccted it is surprising 
what little space a crane, for instance, occiqnes. Lut it is rarely, if 
ever, admissible to bend a tail back on the body, however incon- 
veniently long it may be. Special dilations of skin, like the pouch of 
a pelican, or the air-sacs of a prairie-hen, may be modc'rately displayed. 

Thin Skin. — Loose Plumag'O. — It is astonishing how much 
resistance is offered by the thin skin of the smallest bird. Though 
no thicker than tissue jiaper, it is not very liable to tear if deftly 
handled ; yet a rent once started often enlarges to an embarrassing 
extent if the skin be stretched in the least. Accidental rents and 
enlargements of shot-holes should be neatly scAvn up, if occurring in 
an exposed place ; but in most cases the plumage may be set to hide 
the openings. Tlie trogons arc said to have remarkably thin and 
delicate skin ; I have never handled one in the fiesh. Among 
British birds, the species of Ccqyr in iid( juice have al}Out the tenderest 
skins. The obvious indication in all such cases is simply a little 
extra delicacy of manipulation. In skinning most birds, you should 
not lose more than a feather or two, excepting those loosened by 
the shot. Pigeons are iieculiar for the very loose insertion of their 
plumage ; you will have to be particularly careful with them, and 
in spite of all your precautions a good many feathers will probably 
drop. As strijqiing down the secondary quills from the fore-arm, 
in the manner already indicated, will almost invariably set these 
feathers free from the skin, I recommend you not to attempt it, but 
to dress the wings as prescribed for large birds. 
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Fatness. — Fat is a substance abhorred of all dissectors \ always 
in the way, embarrassing operations and obscuring observations ; 
while it is seldom worth examination after its structure has once 
been ascertained. It is particularly obnoxious to the taxidermist, 
since it is liable to soil the plumage during skinning, and also to 
soak into the feathers afterwards ; and greasy birdskins are never 
pleasing objects. A few birds never seem to have any fat ; some, 
like i)ctrels, are j always oily; at times, especially in the indolent 
autumn season, when birds have little to do but feed, the great 
majority accjuire an einhonjpoint doubtless to their own satisfaction, 
but to the taxidermist's discomfort. In all such cases gypsum 
should 1)0 lavishly employed. Strew plaster plentifully from the 
first cut all through the operation ; dip your fingers in it frequently, 
as well as your instruments. This invaluable absorbent will deal 
with most of the running fat. When the skin is completely 
reversed, remove as mucli of the solid fat as possible ; it is generally 
found occupyhig the areolar tissue of particular definite tracts, and 
most of it may usually be peeled or flaked off in considerable masses. 
Since the soft and oozy state of most birds' fat at ordinary temper- 
atures may be much im])rovcd by cold, it Avill be well to leave your 
birds on ice for a while before skinning, if you have the means and 
time to do so ; the fat will become quite firm. There is a device 
for preventing or at any rate lessening the soiling of the plumage so 
apt to occur along the line of incision ; it is invalual)le in cases of 
white plumage. Take a strip of cloth of greater width than the 
length of the feathers, long enough to go up one side of the cut and 
down the other. Sew this closely to the skin all around the cut, 
and it will form an apron to guard the plumage. You will too 
frequently find that a bird, prepared without soiling and laid away 
apparently safe, afterwards grows greasy ; if the plumage is white, 
it soon becomes worse than ever by showing dust that the grease 
catches. Perhaps the majority of such birds in our museums show 
the dirty streak along the belly. The reason is, that the grease has 
oozed out along the cut, or wherever else the skin has been broken, 
and infiltrated the plumage, being drawn up apparently by capillary 
attraction, just as a lampwick sucks up oil. Sometimes, without 
obviously soiling the plumage, the grease will run along the thread 
that ties the label, and make a uniformly transparent piece of oil- 
paper. I have no remedy to offer for this gradual infiltration of 
the plumage. It will not wash out, even with soap and water. 
Possibly careful and persistent treatment with ether might be 
effective, but I am not prepared to say it would be. Removal of 
all fat that can be got off during skinning, with a liberal use of 
plaster, will in a measure prevent a difficulty that remains incurable. 

Bloodstains, ete. — In the nature of the case, this complication 
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is of continual occurrence ; fortunately it is easier dealt with than 
greasiness. Much may be done in the field to prevent bloodying of 
the plumage, as already said. A little blood does not show much 
on a dark plumage ; but it is of course conspicuous on light or 
white feathers. Dried blood may often be scraped off, in imitation 
of the natural process by which a bird cleanses its plumage with the 
bill ; or be pulverised by gently twiddling the feathers between the 
fingers, and then blown off. But feathers may by due care be 
ivashed almost as readily as clothing ; and we must ordinarily resort 
to this to remove all traces of blood, especially from white surfaces. 
If properly dried they do not show the operation. With a soft rag 
or pledget of cotton dipped in warm water bathe the place assiduously, 
pressing down pretty hard, only taking care to stroke the feathers 
the right way, so as not to crumple them, until the red colour dis- 
appears ; then you have simply a wet place to deal with. Press 
gypsum on the spot ; it Avill cake ; flake it ofl* and apply more, till 
it will no longer stick. Then raise the feathers oii» a knife -blade 
and sprinkle gypsum in among them ; pat it down and shake it up, 
till the moisture is entirely absorbed. Two other fluids of the body 
will give occasional annoyance, — the juices of the alimentary canal 
and the eye-water. Escape of the former by mouth, nostrils, or 
vent is preventable by plugging these orifices, and its occurrence is 
inexcusable. But shot often lacerates the gullet, crop, and bowels, 
and though nothing may flow at the time, subsequent jolting or 
pressure in the game-bag causes the escape of fluids : a seemingly 
safe specimen may be unwrapped to show the whole belly-plumage 
a sodden brown mass. Such accidcnits should be treated precisely 
like Ifloodstains ; but it is to be remarked that these stains are 
not seldom indelible, traces usually persisting, in Avhite plumage at 
least, in spite of our best endcavoiirs. Eye-water, insignificant as 
it may appear, is often* a great annoyance. This liquor is slightly 
glairy, or rather glassy, and puts a sort of sizing on the plumage 
difficult to efface ; the more so since the soiling necessarily occurs 
in a conspicuous place, where the plumage is scanty and delicate. 
It frequently happens that a lacerated eyeball, by the elasticity of 
the coats, or adhesion of the lids, retains its fluid till this is pressed 
out in manipulating the parts ; and, recollecting how the head lies 
buried in plumage at that stage of the process, it will be seen that 
not only the head, but much of the neck and even the breast, may 
become wetted. If the parts are extensively soaked, the specimen 
is almost irreparably damaged. Plaster will absorb the moisture, 
but much of the sizing may be retained on the plumage ; therefore, 
though the place seems simply wet, it should be thoroughly washed 
with Avater before the gypsum is applied. I always endeavour to 
prevent the accident ; if I notice a lacerated eyeball, I extract it 
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before skinning, in the manner described for woodpeckers. Miscel- 
laneous stains, from the juices of plants, etc., may be received ; all 
such are treated on general ])rinciples. Blood on the beak and feet 
of rapacious ))irds, mud on tlie bill and legs of waders, etc. etc., may 
be waslied off without the slightest difficulty. A land bird that has 
fallen in the water should be recovered as soon as possible, picked 
up by the bill, and shaken ; most of the water Avill run off, unless the 
plumage is completely soaked. It should be allowed to dry just as 
it is, without touching the plumage, before being wrapped and 
bagged. If a bird fall in soft mud, the dirt should be scraped or 
sna])[)C(l off as far as this can be done without plastering the feathers 
down, and the rest allowed to dry ; it may afterward be ru])bed 
fine and dusted off, when no harm will ensue, except to white 
feathers, which may require washing. 

Mutilation. — You will often })e troubled, early in your practice, 
with broken legs and wings, and various lacerations ; but the injury 
must be very severe (such as the carrying away of a limb, or blow- 
ing off the whole to]) of a head) that cannot be in great measure 
remedied by care and skill. Sup])ose a little bird, shot through the 
neck or small of the back, com(‘S apart Avhile being skinned \ you 
have only to remove the hinder portion, he that much or little, and 
go on with th(i rest as if it were the whole. If the leg-bone of a 
small bird be broken near the heel, lot it come away altogether ; 
it will make little if any difference. In case of the same accident 
to a largo bird that ought to have the legs wrapped, whittle out a 
peg and stick it in the hollow stump of the bone ; if there is no 
stump left, file a piece of stout wire to a point and stick it into 
the heel joint. If the fore-arm l)one that you usually leave in a 
small bird is broken, remove it and leave the other in ; if both are 
broken, do not clean the wings so thoroughly that they become 
detached ; an extra pinch of arsenic will coildone the omission. In 
a large bird, if both Ijoiics of the fore-arm are broken, splint them 
with a bit of wood laid in between, so that one end hitches at the 
elbow, the other at the wrist. A humerus may be replaced like a 
leg bone, but this is rarely required. If the skull be smashed, save 
the pieces, and leave them if you can ; if not, imitate the arch of 
the head with a firm cotton -ball. A broken tarsus is readily 
splinted with a pin thrust uj) through the sole of the foot ; if too 
large for this, use a pointed piece of wire. There is no mending a 
lull when part of it is shot away ; for I think the replacing of part 
by putty, stucco, etc., inadmissible ; but if it be only fractured, the 
pieces may usually be retained in place by winding with thread, or 
with a touch of glue or mucilage. I have already hinted how art- 
fully various weak places in a skin, due to mutilation or loss of 
plumage, may be hidden. 
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Decomposition. — It might seem unnecessary to speak of what 
may be smelt so readily as animal putrescence; but there are 
some useful points to be learned in this connection, besides the im- 
portant sanitary precautions that are to be deduced. Immediately 
after death the various fluids of the body begin to settle (so to 
speak), and shortly afterward tlic muscular system becomes fixed 
ill what is technically called riQor mmils. This stiffening usually 
occurs as the animal heat dies away ; but its onset, and especially 
its duration, is very variable, according to circumstances, such as 
cause of death ; although in most cases of sudden violent death of 
an animal in previous good health, it seems to depend chiefly upon, 
temperature, being transient and imperfect, or altogether wanting, 
in hot weather. As it passes off, the whole system relaxes, and the 
body soon becomes as limp as at the moment of death. This is the 
period immediately preceding decomposition ; in fact, it may be 
considered as the stage of incipient putridity; it is very brief in 
warm weather, and it should be seized as the last opportunity of 
iireparing a bird without inconvenience and even danger. If not 
skinned at once, putrescence becomes establisluKl ; it is indicated by 
the effluvium; by the distension of the abdomen with gaseous products 
of decomposition ; by the loosening of the cuticle, and consecpiently 
of the feathers ; and hy other signs. If you part the feathers of a 
liad-smelling bird’s belly to find tlie skin swollen and livid or 
greenish, while the feathers come oft* at a touch, the bird is too far 
gone to be recovered without trouble and risk that no ordinary 
specimen warrants. It is a singular fact that this early putrescence 
is more poisonous than utter rottenness ; as physicians are aware, a 
post-mortPin examination at this stage, or even before it, involves 
more risk than their ordinary dissecting-room experience. It seems 
that both natural and pathological poisons lose their early virulence 
by resolution into other products of decay. The obvious deduction 
from this is to skin your birds soon enough. Some say they are 
best skinned 2^crfectly fresh, ])ut I sec no reason for this ; when I 
have time to choose, I take the jieriod of rigidity as being prefer- 
able on the whole ; for the fluids have then settled, and the 
limbs are readily relaxed by manijuilation. If you have a large bag 
to disclose of, and are j^ressed for time, set them in the coolest jflace 
you can find, preferably on ice ; a slight lowering of temperature 
may make a decided difference. Disembowelling, which may be 
accomplished in a moment, will materially retard decomposition. 
Injections of creosote or dilute carbolic acid will arrest decay for a 
time, or for an indefinitely long period if a large quantity of these 
antisej^tics Vie employed. When it becomes desirable (it can never 
be necessary) to skin a putrescent bird, great care must be exercised 
not only to accomplish the ojieration, but to avoid danger. I must 
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not, however, lead you to exaggerate the risk, and will add that 
I think it often overrated. I have probably skinned birds as 
“ gamey ” as any one has, and repeatedly, without being conscious 
of any ill effects. I am sure that no poison, ordinarily generated 
by decomposition of a body healthy at death, can compare in viru- 
lence with that commofily resulting after death by man}" diseases. 
I also believe that the gaseous products, however offensive to the 
smell, are innocuous as a rule. The danger practically narrows 
down to the absorption of fluids through an abraded surface ; the 
poison is rarely taken in by natural pores of healthy skin, if it 
remain in contact but a short time. Cuts and scratches may be 
closed with a film of collodion, or covered with isinglass or court- 
plaster, or protected by rubber cots on the fingers. The hands 
should, of course, be washed with particular care immediately after 
the operation, and the nails scrupulously dressed. Having never 
been ])oisoned, I cannot give the symptoms from personal experience ; 
but I will quote'' from Mr. Maynard : — 

“ In a feAV days numerous pimples, which arc exceedingly pain- 
fiil, appear upon the skin of the face and other parts of the person, 
and, ui)on those parts where there is chafing or rubbing, become 
largo and deep sores. There is a general languor, and, if badly 
poisoned, complete prostration results ; the slightest scratch becomes 
a festering sore. Once poisoned in this manner (and I speak from 
experience), one is never afterward able to skin any animal that 
has become in the least putrid, without experiencing some of the 
symptoms «above described. Even birds that you handled lieforo 
with impunity you cannot now skin without great care. The best 
remedy in this csisc is, as the Hibernian would say, not to get 
poisoned . . . bathe the parts frequently in cold water; and, if 
chafed, sprinkle the parts after bathing with wheat Hour. These 
remedies, if persisted in, will effect a cure, ff not too bad ; then, 
medical advice should be procured without delay.” 

My advice would be, to avoid all mechanical irritation of the 
inflamed parts ; touch the parts that have ulcerated with a stick of 
lunar caustic ; take a dose of salts ; use syruj) of the iodide of iron, 
or tincture of the chloride of iron, say thirty drops of either, in a 
wineglass of water, thrice daily ; rest at first, exercise gradually as 
you can bear it ; and skin no birds till you have com^detely 
recovered. 

How to mount Birds. — As some may not improbably procure 
this volume with a reasonable expectation of being taught to mount 
birds, I a}q)end the required instructions, although I only 2:)rofess to 
treat of the preparation of skins for the cabinet. As a rule, the 
[uirposes of science are best subserved by not mounting sjjecimens ; 
foi display, the only end attained, is not required. I would 
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strongly advise you not to mount your rarer or otherwise par- 
ticularly valuable specimens; select for this purpose nice, pretty 
birds of no special scientific value. The principal objections to 
mounted birds are, that they take u]) too much room, require special 
arrangements for keeping and transportation, and cannot be liandled 
for study with impunity. Some might suppose that a mounted 
bird would give a better idea of its figure and general aspect than a 
skin ; but this is only true to a limited extent. Faultless mounting 
is an art really difficult, acquired by few ; the average work done 
in this line shows something of caricature, ludicrous or repulsive, as 
the case may be. To copy nature faithfully by taxidermy requires 
not only long and close study, but an artistic sense ; and this last 
is a rare gift. Unless you have at least the germs of the faculty in 
your composition, your taxidernial success will be incommensurate 
with the time and trouble you bestow. My own taxidermal art is 
of a low order, decidedly not above average; although I have 
mounted a great many birds that Avould compare Very favourably 
with ordinary museum work, few of them have entirely answered 
my ideas. A live bird is to me such a beautiful object that the 
slightest taxidermal flaw in the effort to represent it is painfully 
offensive ; perhaps this makes me jdace the standard of excellence 
too high for practical purposes. I like a good honest birdskin that 
does not pretend to bo anything else ; it is far preferable to the 
ordinary taxidermal abortions of the show-cases. But if, after the 
warnings that I mean to convey in this paragraph, you still wish 
to try your hand in the higher department of taxidermy, I will 
explain the whole process as far as manipulation goes ; the art you 
must discover in yourself. 

The operation of skinning is precisely the same as that already 
given in detail ; then, insteacl of stuffing the skin as directed above, 
to lie on its back in a 'drawer, you have to stuff it so that it will 
stand u[) on its feet and look as much like a live bird as possible. 
To this end a few additional implements and materials are required. 
These are : (a) annealed wira of various numbers ; it may be iron, 
copper, or brass, but must be perfectly annealed, so as to retain no 
elasticity or spring ; (b) several files of different sizes ; (c) some 
slender straight brad-awls ; (d) cutting pliers ; (e) setting needles, 
merely sewing or darning needles stuck in a light wooden handle, 
for dressing individual feathers ; (/) plenty of pins (the long, slender 
insect pins used by entomologists are the best) and sewing thread ; 
(y) an assortment of glass eyes. (The fixtures and decorations are 
noticed, beyond, as occasion for their use arises.) 

There are two principal methods of mounting, which may be 
respectively styled soft stuffing and hard stuffing. In the former, a 
wire framework, consisting of a single anterior piece passing in the 
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middle line of the body up through the neck and out at the top of 
the head, is immovably joined behind with two pieces, one passing 
through each leg ; around this naked forked frame soft stuffing is 
introduced, bit by bit, till the proper contour of the skin is secured. 
I have seen very pretty work of this kind, particularly on small 
birds ; but 1 consider it much more difficult to secure satisfactory 
results in this way than by hard stuffing, and I shall therefore con- 
fine attention to the latter. This method is applicable to all birds, 
is readily i)ractiscd, facilitates setting of the wings, arranging of the 
plumage, and giving of any desired attitude. In hard stuffing, you 
make a lirm ball of tow rolled upon a wire of the size and shape of 
the bird’s body and neck together ; you introduce this whole, after- 
wards running in the leg wires and clinching them immovably in 
tile mass of tow. 

Having your empty skin in good shape, as already described, 
cut three pieces of wire of the right ^ size ; one piece somewhat 
longer than thc'wliolc bird, the other pieces two or three times as 
long as the whole leg of the bird. File one end of each piece to a 
fine sharp point; try to secure a three -edged cutting point like 
that of a surgical needle, rather than the smooth punching point 
of a scwitig-ncedle, as the foi-mer perforates more readily. Have 
those wires perfectly straiglit.'*^ Hend a small portion of the imfiled 
end of the longer wire ii'regularly upon itself, as a convenient 
nucleus for the })all of tow.'^ Take fine clean tow, in loose dossils, 
and wrap it round and round the wii'o nucleus, till you make a firm 
ball, (^f the size and shape of the bird’s body and neck. Study the 
contour of the skinned body : notice the swelling breast-muscles, 
the arch of the lower back, the liolloAv between the forks of the 
merrythought into Avhich the neck, Avhen naturally curved, sinks. 
Eveiything depends upon correct shaping of the artificial body ; if 
it be misshapen, no art can properly adjust tlfe skin over it. Firm- 
ness of till' toAv ball and accurate contour may both ])e secured by 
wrapping the mass with sewing thread, loosening here, tightening 
there, till the shape is satisfactory. 13c particular to secure a smooth 
surface ; the skin in drying Avill shrink close to the stuffing, dis- 
closing its irregularities, if there be any, l)y the maladjustment of 
the plumage that Avill ensue. Observe especially that the neck, 
though the direct continuation of the backbone, dips at its lower 

^ The riglit size is tlie smallest that will support the whole weight of the stulfing 
ami skin without bending, when a piece is introduced into each leg. If using too 
thick wire, you may have trouble in tlinistiiig it tlirougli the legs, or may burst the 
tarsal ciivelo])e. 

- If accidentally Idnky, tlie finer sizes of wire may be readily straightened ])y 
drawing strongly upon them so as to stretch them a little. Heavier wire must be 
hammered out straight. 

fV)ttoii will not do at all ; it is too soft ami clastic, and moreover will not allow 
of the leg wires being thrust into it and tliere clinched. 
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end into the hollow of the merrythought, and so virtually begins 
there instead of directly between the shoulders. The three mis- 
takes most likely to be made by a beginner are, getting the body 
altogether too large, not firm enough, and irregular. Wiicn properly 
made, it will closely resemble the bird’s body and neck, w'ith 
inch or several inches of sharp -pointed wire protruding frOZa 
the anterior extremity of the neck of tow. Y on have now to 
introduce the whole affair into the skin. With the birdskin on its 
back, the tail pointing to your right elbow, and the abdominal 
opening as wide as possible, hold the tow body in position relative 
to the skin ; enter the wire, pass it up through the neck, bring the 
sharp point exactly against the middle of the skull, jiierce skull and 
skin, causing the wire to protrude some distance from the middle 
of the crown. Then l)y gentle means insinuate the body, partly 
pushing it in, partly drawing the skin over it, till it rests in its 
l)roper position. This is just like drawing on a tight kid glove, and 
no more difficult. See that the body is completely* encased ; you 
must be able to close the abdominal aperture entirely. You have 
next to wire the legs. Enter the sharp ])oint of one of the leg- 
wires already prepared, exactly at the centre of the sole of the foot, 
thrusting it up inside tlio tarsal envclojie the whole length of the 
shank, thence across the heel-joint ^ and uj) along the next bone 
of the leg, still inside the skin. The point of the wire will then be 
seen within the skin, a-nd may bo seized and drawn a little farther 
through, and you will have passed a wire entirely out of sight all 
the way along the leg. The end of the wire is next to bo fixed 
immovably in the tow ball. Thrust it in at the point where the 
knee, in life, rests against the side of the body.**^ Bring the point 
to view, bend it over and reinsert it till it sticks fast. There are no 
special directions to be given here ; fasten the wire in any way that 
effectually prevents wabbling. You may find it convenient to 
wire both legs ])cforo fastening either, and then clinch them by 
twusting the two ends together. But remember that the leg-wires 
may be fixed respecting each other, yet permit a see-saw motion of 
the body upon them. This must not be ; the body and legs must 
be fixed u])on a jointless frame. Having secured the legs, close the 
abdominal opening nicely, cither by sewing or pinning ; you may 
stick pins in anywhere, as freely as in a pin-cushion ; the f(‘atliers 

^ There is occasionally difiicnlty in getting the wire across this .joint, IVoiii the 
point sticking into the enlarged end of the shin-hone. In siicli case, take stout 
l)liers and, i)inch the joint till the bone is smashed to fragments. The wii e will tlien 
pass and the comminution will not show. If there is any trou1)le in passing the 
wire through the tarsus, bore a hole for it with a brad-awl. 

“ This point is farther forward and more belly-ward than you might suppose. 
Observe the skinned body again, and see where the loAver end of the thigh lies. If 
you insert the wire too far back, you cannot by any possibility balance the bird 
naturally on its perch ; it will look in imminent danger of toppling over. 
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hide their heads. Stick a pin through the pope’s-nose to fix the 
tail in place. 

All tliis while the bird has been lying on its back, the neck 
stre^ched^^traight in continuation of the body, wired stiffly, the legs 
straddling wide apart, straight and stiff, the wings lying loosely, 
I'xtetf-spread. New bring the legs together, parallel with each other, 
and make the sharp bend at the heel-joint that will bring the feet 
naturally under the belly (over it, as the bird lies on its back). 
Pick u]) the bird b}' the wires that project from the soles and set it 
on its stand, by runiung the wires through holes bored the proper 
distance apart, and dien securing the ends by twisting. The 
temporary stand that 3^011 use for this purpose should have a heavy 
or otherwise firm sup})ort, so as not easily to overturn during the 
subsequent manipulations. At this stage the bird is a sorr3"-looking 
object ; but if you have stuffed correctly and wired securely, it will 
soon improve. Begin by making it .stand properly. The common 
fault here is p!acing the tarsi too nearly perpendicular. Perching 
birds, constituting the majority, habitually stand with the tarsi more 
nearly horizontal than perpendicular, and generally keep the tarsi 
parallel with each other. Wading and most walking birds stand 
with the legs more nearly upright and straight. Many swimming 
birds strad(lle a little ; others rarely if ever. See that the toes 
clasp the perch naturall}’, or are properly spread on the flat surface. 
Cause the flank feathers to be correctly adjusted over the tibite (and 
here I will remark that with most birds little, if any, of the tibise 
shows in life), the heel-joint barely, if at all, projecting from the 
general plumage. It is a common fault of stufllng not to draw the 
legs closcl3^ enough to the body. Above all, look out for the centre 
of gravity ; though you have really fastened the bird to its perch, 
you must not let it look as if it would fall off if the wires slipped ; 
it must appear to rest there of its own accord. Next, give the head 
and neck a preliminary setting, according to the attitude you have 
determined upon. This will bring the plumage about the shoulders 
in proper position for the setting of the wings, to which you may 
at once attend. If the body be correctly fashioned and tlie skin of 
the shoulders duly adjusted over it, the wings will fold into place 
without the slightest difficulty. All that I have said before about 
setting the wings in a skin applies here as well ; but in this case 
they will not stay in place, since they fall by their owti weight. 
They must be pinned up. Holding the wing in place, thrust a pin 
steadily through near the wrist-joint, into the tow body. Some- 
times another pin is required to support the weight of the primaries ; 
it may be stuck into the flank of the bird, the outer quill feather 
resting directly upon it. With large birds a sharp pointed \wire 
must re2)lace the pin. AYhen properly set, the wing-tips will fall 
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together or symmetrically opposite each other, the quills and 
coverts will be smoothly imbricated, the scapular series of feathers 
will lie close, and no bare space will show in front of the shoulder. 
Much depends upon the final adjustment of the head. The 
commonest mistake is getting it too far away from the body. In 
the ordinary attitudes of most birds little neck shows, tlie head 
appearing nestled upon the shoulders. If the neck appears too 
long, it is not to be contracted by pushing the head directly down 
upon it, but by making an S curve of the neck. No precise 
directions can be given for the set of the head, but }'ou may be 
assured it is a delicate, diflicult matter ; the slightest turn of the 
bill one way or another may alter the whole expression of the bird. 
You will of course have determined beforehand ui)on your attitude, 
upon what you wish the bird to appear to be doing ; then, let your 
meaning be pointed by the bird’s bill. 

On the general subject of striking an attitude, and giving 
expression to a stuffed bird, little can be said to good •purpose. If 
you are to become proficient in this art, it will come from your 
own study of birds in the field, your own good taste and a,pprocia- 
tion of bird -life. The manual processes are easily described and 
practised ; it is easy to grind paint, I sup2)Ose, but not so to be an 
artist. I shall therefore only follow tlie above account of the 
general processes with some special practical points. After “at- 
titudinising ” to your satisfaction, or to the best of your ability, the 
plumage is to be carefully dressed. Feathers awry may bo set 
in place with a light spring forceps, or needles fixed in a handle, 
one by one if necessary. When no individual feather seems out of 
place, it often occurs that the general plumage has a loose, slovenly 
as})ect. This is readily corrected by wrap})ing with fine thread. 
Stick a pin into the middle of the back, another into the breast, 
and perhaps others elsewhere. Fasten the end of a spool of sewing 
cotton to one of the pins, and carry it to another, winding the 
thread about among the i)ins, till the whole surface is covered with 
an irregular network. Tighten to reduce an undue prominence, 
loosen over a dejn-ession ; l)ut let the wrapping as a whole be light, 
firm, and even. This procedure, nicely executed, will give a smooth- 
ness to the plumage not otherwise attainable, and may be made to 
produce the most exquisite curves, particularly about the head, 
nock, and breast. The thread should be left on till the bird is 
perfectly dry ; it may then be unwound or cut off, and the pins 
withdrawn. When a j)articular patch of skin is out of place, it 
may often be pulled into position and pinned there. You need not 
be afraid of sticking pins in anywhere : they may be buried in the 
plumage and left there, or withdrawn when the skin is dry. In 
addition to the main stuffing, a little is often required in ])articular 
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places. As for the legs, they should be filled out iu all such cases 
as I indicated earlier in this section ; small birds require no such 
stufftng. It is necessary to fill out the eyes so that the lids rest 
naturally • it may 1)0 done as heretofore directed, or by putting in 
pledgets of cotton from the outside. A little nice stuffing is gener- 
ally recjuired about the iijiper throat. 

To stuir a bird with sjircad wings requires a special process, in 
most cases. I'he wings are to be wired, exactly as directed for the 
legs ; they may then Ixj placed in any shape. But Avith most small 
birds, and those with short wings, simple pinning in the half-spread 
position indicating fluttering will suffice; it is readily accomplished 
with a long, shmder insect })in. I have already spoken of fixing 
the tail liy pinning or wiring the pope’s-nosc to the tow body; 
it may be thus fixed at any desired elevation or depression. There 
jire two ways of spreading the tail. One is to run a pointed wire 
through the quills, near their base, Avhere the wire will be hidden 
by the covers ; each f(;ather may be set at any required distance 
from the next by sliding it along this wire. This method is appli- 
cable to large birds ; for small ones the tail may be fixed with the 
dcsir(;d spread by enclosing it near its base in a S2)lit match, or two 
slips of cardboard, with the ends tied together. This holds the 
feathers until they dry in position, when it is to be taken off. 
Orests may be raised, spread, and displayed on similar principles. 
A small cr(?st, like that of a cardinal or cherry bird, for instance, 
m:iy bo held up till it dries in position by sticking in behind it a 
[)in Avith a little ball of cotton on its head. It is sometimes neces- 
sary to make a bird s toes grasp a support by tying them doAvn to 
it till they dry. The toes of Avaders that do not lie evenly on the 
surface of the stand may be tacked doAvn Avith small brads. The 
bill may be pinned open or shut, as desired, by the method already 
given. 

Substitution of an artificial eye for the natural one is essential 
for the good looks of a specimen. Glass eyes, of all sizes and 
colours, may be ])urchased at a moderate cost. The pupil is ahvays 
black ; the iris varies. You Avill, of course, secure the i)roper colour 
if it is known, but if not, put in a dark broAvn or black eye. It is 
Avell understood that this means nothing ; it is jJurely conventional. 
YelloAV is probably the next most common colour ; then come red, 
Avhite, blue, and green, perhaps approximately in this order of 
frequency. But do not use these striking colours at haphazard ; 
sacrificing truth, perhaps, to looks. Eyes are generally inserted 
after the specimen is dry. Kemove a portion of the cotton from 
the orbit, and moisten the lids till they are perfectly pliable ; fix 
the eye in Avith putty or Avet plaster of Paris, making sure that the 
lids arc naturally adjusted over it. It goes in obliquely, like a 
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button through a button-hole. Much art may be displayed in this 
little matter, making a bird look this way or that, to carry out the 
general expression. 

On finishing a specimen, set it away to dry \ the time required 
varies, of course, with the weather, the size of the bird, its fatness, 
etc. The more slowly it dries, the better ; there is less risk of the 
skin shrinking irregularly. You will often find that a s])ecimen set 
away with smooth plumage and satisfactory curves dries more or 
less out of shape, perhaps with the feathers raised in places. 1 
know of no remedy ; it may, in a measure, be prevented by scrupu- 
lous care in making the body smooth and firm, and in securing 
slow, equable drying. When perfectly dry remove the wrapping, 
pull out the superfluous pins or wires, nip off tlie others so short 
that the ends are concealed, and insert the eyes. The specimen is 
then ready to be transferred to its permanent stand. 

Tixtures for tlie display of the object of course vary intermin- 
ably. We will take the simplest case, of a large collection of 
mounted birds for public exhibition. In this instance, uniformity 
and simplicity are desirable. “ Spread eagle ’’ styles of mounting, 
artificial rocks and flowers, etc., are entirely out of place in a 
collection of any scientific pretensions, or designed for popular 
instruction. Besides, they take up too much room. Artistbj group- 
ing of an extensive collection is usually out of the question ; and 
when this is unattainable, half-way efforts in that direction should 
bo abandoned in favour of severe simplicity. Birds look best on 
the whole in unifoini rows, assorted according to size, as far as a 
natural classification allows. They are best set on the plainest 
stands, with circular base and a short cylindrical crossbar on a 
lightly turned upright. The stands should be painted dead-white, 
and be no larger than is necessary for secure support ; a neat stiff 
paper label may be attached. A small collection of birds, as an 
ornament to a i)rivate residence, oders a diftereiit case • here variety 
of attitude and appropriate imitation of the birds^ natural surround- 
ings are to be secured. A miniature tree, on which a number of 
birds may be placed, is readily made. Take stout wire, and by 
bending it, and attaching other pieces, get the framework of the 
tree of the desired size, shape, and number of perches. Wrap it 
closely with tow to a proper calibre, remembering that the two 
forks of a stem must be together oidy about as large as the stem 
itself. Gather a basketful of lichens and tree moss ; reduce them 
to coarse powder by rubbing with the hands j besmear the whole 
tree with mucilage or thin glue, and sift the lichen powder on it 
till the tow is completely hidden. This produces a very natural 
effect, which may be heightened by separately affixing larger scraps 
of lichen, or little bunches of moss \ artificial leaves and flowers 
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may be added at your taste. The groundwork may be similarly 
prepared with a bit of board, made adhesive and bestrewn with the 
same substance ; grasses and moss may be added. If a Hat surface 
is not desired, soak stout pasteboard till it can be moulded in 
various irregular elevations aiid depressions ; lay it over the board 
and decorate it in the same way. Kocks may be thus nicely 
imitated, with the addition of powdered glass of various colours. 
Such a lot of birds is generally enclosed in a cylindrical glass case 
with arched top. As it stands on a table to be viewed from 
different ])oints, it must be j)resentable on all sides. A niche in 
parlour or study is often fitted with a wall -case, which, when 
artistically arranged, lias a very pleasing effect. As such cases may 
be of considerable size, there is opportunity for the display of 
great taste in gi oiiping. A place is not to be found for a bird, Imt 
a bird for the place, — waders and swimmei s below on the ground, 
perchers on projecting rests above. The surroundings may be 
prepared liy 'the methods just indicated. One point deserves atten- 
tion here : since the birds are only viewed from the front, they 
may have a show-side ’’ to which everything else may be sacrificed. 
Birds are represented flying in such cases more readily than under 
other circumstances, supported on a concealed wire inserted in the 
liack of the case. 1 have seen some very successful attempts to 
represent a l)ird swimming, the duck being let down part way 
through an oval hole in a plate of thick glass, underneath which 
were fixed stulfed fishes, shells, and seaweed. It is hardly necessary 
to add that in all ornamental collections, labels or other scientific 
machinery must be rigorously suppressed. 

Transportation of mounted l)irds offers obvious difficulty. Un- 
less very small, they are best secured immovably inside a box by 
screwing the foot of the stands to the bottom and sides, so that 
they stay in place without touching each other. Or, they may be 
carefully packed in cotton, with or without removal of the stands. 
Their preservation from accidental injury de})ends upon the same 
care that is l)estowed upon ordinary fragile ornaments of the 
parlour. The ravages of insects are to l)e prevented upon the 
principles to be hereafter given in treating of the preservation of 
birdskins. 


§ 8.— MISCELLANEOUS PARTICULARS 

Determination of Sex. — This is an important matter, which 
should never be neglected. For although many birds show un- 
equivocal sexual distinctions of size, shape, and colour, like those of 
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the barnyard cock and hen, for instance, yet the outward character- 
istics are more frequently obscure, if not altogether inappreciable, 
oil examination of the skin alone. Young lurds, moreover, are 
usually indistinguishable as to sex, although the adults of the same 
species may be easily recognised. The rule results, that the sexual 
organs should be examined as the oiil}'- infallible indices. The 
essential organs of masculinity are the testicles ; similarly, the oca vies 
contain the essence of the female nature. However similar the 
accessory sexual structures may be, the testicles and ovaries are 
always distinct. The male organs of birds never leave the cavity 
of the belly to fill an external bag of skin (scrotum) as they do 
among mammals ; tln^y remain within the abdomen, and lie in the 
same position as the ovaries of the female. Both these organs are 
situated in the belly opposite the ‘‘ small of the back,’’ bound 
closely to the spine, resting on the front of the kidneys near their 
fore end. The testicles are a pair of subspherical or rather (dlip- 
soidal bodies, usually of the same size, shape, and colbur, and are 
commonly of a dull opa(pie Avhitish tint. Tliey always lie close 
together. A remarka))le fact connected with them is, that they are 
not always of the same size in the same bird, being subject to 
periodical enlargement during the breeding season, and corresponding 
atrophy at other seasons. Thus the testicles of a house spari’ow, 
no bigger than a pin’s head in winter, swell to tlu^ size of peas in 
April. The ovary (for although this organ is paired originally, only 
one is usually functionally develop(‘d in birds) will be recognised as a 
tlattish mass of ii-regular contour, and usually whitish colour ; when 
inactive, it simply appears of finely granular structure which may 
require a hand lens to be made out ; when producing eggs, its 
appearance is unmistakable. Jlotli testis and ovary may further be 
recognised by a thread leading to the end of the lower bowel, — in 
one case the sj)orm-duct; in the other the oviduct ; the latter is 
usually much the more conspicuous, as it at times transmits the 
l)erfect egg. There is no dilliculty in reaching the site of these 
organs. Lay the bird on the left side, its belly toward you : cut 
with the scissors tlirough the belly-walls diagonally from anus to 
the root of the last i‘ib, or further, snipping across a feAV of the lower 
ribs, if these continue far down, as they do in a loon, for instance. 
Press the whole mass of intestines aside collectively, and you at 
once see to the small of the back. There you observe the Uditeijs, 
— large, lobular, dark reddish masses moulded into the concavity 
of the sacrum (or back middle bone of the pelvis) ; and on their 
surface, toward their fore end, lie testes or ovary, as just d(\scribed. 
Phe only precaution required is, not to mistake for testicles a pair 
of small bodies capping the kidneys. These are the adrenals or 
suprarenal capsules, — organs whose function is unknown, but 
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with whicli at any rate wc have nothing to do in this connection. 
They occur in both sexes, and if the testicles are not immediately 
seen, or the ovary not at once recognised, they might easily be 
mistaken for testicles. Observe that, instead of lying in front, they 
cap the kidneys ; tlnit they are usually yellowish instead of opaque 
whitish ; and that they have not the linn, smooth, regular sphericity 
of the testicles. The testes, however, vary more in shape and 
colour than might be expected, being sometimes rather oblong or 
linear, and somcjtimes grayish or livi(l bluish, or reddish. There is 
occasionally but one. The sex determined, use the sign ^ or ? to 
designate it, as already explained. 

Recognition of Age is a matter of ornithological experience 
requiring in many or most cases great familiarity with birds for its 
even approximate acconqdishment. There are, however, some un- 
mistakable signs of immaturity, even after a Imd has become full- 
fcathcrcd, that persist for at least one season. These are, in the 
first place, a‘ peculiar soft fluffy feel of the plumage ; the feathers 
lack a certain smoothness, density, and stiifening which they subse- 
quently acquire. Secondly, the ])ill and feet are softer than those 
of the adults ; the corners of the mouth are puffy and flabby, the 
edges and point of the bill are dull, and tlie scales, etc., of the legs 
are not sliarply cut. Thirdly, the flesh itself is teiuler and i)ale 
coloured. These arc some of the points common to all birds, and 
are independent of the special markings that belong to the youth of 
particular species. Some birds are actually larger for a while after 
leaving the nest than in after years when the frame seems to shrink 
somewhat in ac(|uiring the compactness of senility. On the other 
hand, the various mcml^ers, especially the bill and feet, are propor- 
tionally smaller at iirst. Newly growing (pulls arc usually recog- 
nised on sight, the barred being (lark coloured and full of liquid, 
while the vanes arc incomplete. In studying, for example, the 
shape of a wing or tail, there is always reason to suspect that the 
natural proportions are not yet presented, unless the quill is dry, 
coloui'lcss, and empty, or only occupied with shrunken white pith. 

Examination of the Stomach frequently leads to interesting 
observati(ms, and is always worth while. In the first place, we 
learn most umpiestionably the nature of the bird’s food, which is a 
highly important item in its natural history. Secondly, we often 
secure valuable specimens in other departments of zoology, particu- 
larly entomology. Birds consume incalculable numbers of insects, 
the harder kinds of which, such as beetles, are not seldom found 
ititact in their stc^machs ; and a due percentage of these represent 
rare and curious species. The gizzards of birds of prey, in particular, 
should always bo inspected, in search of the small mammals, etc., 
they devour ; and even if the creatures are unfit for preservation, 
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we at least learn of their occurrence, perhaps unknown hefore in a 
particular region. Mollusk-feeding and fish-eating birds yield their 
share of specimens. The alimentary canal is often the scat of 
parasites of various kinds, interesting to the helminthologist ; other 
species arc to be found under the skin, in the body of muscle, in 
the brain, etc. Most birds are also infested with external parasites 
of many kinds, so various that almost every leading species has its 
own sort of louse, tick, etc. Since these creatures arc only at home 
with a live host, they will be found crawling on the surface of the 
plumage, preparing for departure, as soon as the body cools after 
death. There is thus much to learn of a bird aside from what the 
prepared specimen teaches, and moreover apart from regular ana- 
tomical investigations. Whenever practicable, brief items should 
be recoi ded on the label, as already mentioned. 

Restoration of Poor Skins. — Tf your cabinet be a gemu’al 
one, comprising specimens from various sources, you will frequently 
happen to receive skins so badly prepared as to •be unpleasant 
objects, besides failing to show their specific characters. There 
is, of course, no supplying of missing parts or plumage ; but if 
the defect be simply deformity, this may usually be in a measure 
remedied. The point is simply to relax the skin, and then proceed 
as if it were freshly removed from the bird ; it is what bird-stulVers 
constantly do in mounting Inrds from ])7’epared skins. The relaxa- 
tion is effected by moisture alone. Ivemove the stuffing ; fill the 
interior with cotton or tow saturated with water, yot not drip])ing ; 
put pads of the same under the wings ; wrap the bill and feet, and 
set the specimen in a damp, cool place. Small birds soften very 
readily and completely ; the process may be facilitated by persistent 
manipulation. This is the usual method, but there is another, 
more thorough and more elfectivc ; it is exposure to a vapour-bath. 
The appointnicnts of the kitchen stove furnish all the apparatus 
required for an extempore steamer; the regular fixture is a tin 
vessel much like? a wash-boih*r, with closed lid, false bottom, and 
stopcock at lower edge. On the false bottom is placed a heavy 
layer of gypsum, coirqdetely saturated with water ; the birds are 
laid on a perforated ti’ay above it ; and a gentle heat is maintained 
over a stove. The vapour penetrates every part of the skin, and 
completely relaxes it, without actually wetting the feathers. The 
time required varies greatly of course ; observation is the best 
guide. The chief precaution is not to let the thing get too hot. 
Professor Baird has remarked that crumpled or bent feathers may 
have much of their original elasticity restored by dipping in hot 
water. Immersion for a few seconds suffices, when the feathers 
will be observed to straighten out. Shaking off superfluous water, 
they may be simply left to dry, or they may be dried with plastei*. 
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The method is chiefly applicable to the large feathers of the wings 
and tail. Soiled plumage of dried skins may be treated exactly as 
in the case of fresh skins. 

Mummification. — As before mentioned, decay may be arrested 
by injections of carbolic acid and other antiseptics ; if the tissues be 
sufficiently permc^ated with these substances, the body will keep 
indefinitely; it dries and hardens, becoming, in short, a mummy. 
Injection should ])e done by the mouth and vent, be thorough, and 
be repeated several times as the fluid dries in. It is an improve- 
ment on this to dis(;mbowel and fill the belly with saturated 
tow or cotton. Due care should be taken not to soil the feathers 
in any case, nor should the carbolic solution come in contact with 
the hands, for it is a powerful irritant poison. 1 mention the 
process chielly to condemn it ; I cannot imagine what circumstances 
would recommend it, while only an extreme emergency could 
justify it. It is further objectionable bec«ausc it appears to lend a 
dingy hue to .<>omo plumages, and to dull most of them perceptibly, 
llirds prepared — rather unprepar(‘d — in this way, may be relaxed 
by the method just described, and then skinned ; but the operation 
is di Hi cult. 

Wet Preparations. — By this term is technically understood an 
object immersed in some preservative Huid. It is highly desirable 
to obtain moT'O information of birds than their stuffed skins can ever 
furnish, and their structure cannot be always examined by dissection 
on the spot. In fact, a certain small proportion of the birds of any 
extensive collecting may be preferably and very profitably preserved 
in this wa}". Specimens in too poor plumage to be worth skinning 
may be thus utilised ; so may the bodies of skinned birds, which, 
although necessarily defective, retain all the viscera, and also afford 
osteological material. Alcohol is the liquid usually employed, and, 
of all the various articles recomnumded, seems to answer best on 
the whole. 1 have used a very weak solution of chloride of zinc 
with excellent results ; it should not be strong enough to show the 
slightest turbidity. As glass bottles are liable to break when 
travelling, do not fit corners, and offer practical annoj^ance about 
corkage, rectangular metal cans, preferably of coi)pcr, with screw- 
lid opening, are advisable. They are to be set in small, strong, 
wooden boxes, made to leave a little room for the lid -wrench, 
muslin bags for doing uj) se 2 >arate ixarcels, 2 )archment for labels, etc. 
Unoccuj)ied space in the cans should be filled with tow or a 
similar substance, to prcv(*nt the specimens from swashing about. 
Labelling should be on parchment; the writing should be perfectly 
dry before immersion ; india-ink is the best. Skinned bodies 
should be numbered to correspond with the dried skin from 
which taken ; otherwise they may not be identifiable. Large birds 
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thrown in unskinned should have the belly opened, to let in the 
alcohol freely. Birds may bo skinned, after being in alcohol, by 
simply drying them ; they often make fair sjiecimens. Watery 
moisture that may remain after evaporation of the alcohol may 
be dried Avith plaster. 

Osteological and other Preparations (Figs. ] -3). — AYhile complete 
skeletonising of a bird is a special art of some difliculty, and one 
that does not fall Avithin the scope of this treatise, I may mention 
two bony preparations very readily made, and capable of rendering 
ornithology essential service. I refer to the skull, and to the 
breast- bone Avith its principal attachments. These parts of the 
skeleton are, as a rule, so highly characteristic that they afford in 
most cases invaluable zoological items. To save a skull is of course 
to sacrifice a skin, to all intents ; but you often have mutilated or 



Fids. 1, 2. — VicAvs of stcrmmi and pectoral airli of tin* ptarmigan, J.iiqo]<vs alhua, reduced ; 
after A. Newton. (1) Lateral view, willi the bones ui)sidc down; (2)vi(“we<l from below, n, 
.sternum or breast-bone, showing two long slender lateral ])rocesses ; h, (unls of sternal ribs ; e, 
ends of humerus, or ui)i)er-arm bone, near the shoulder-joint; d, scapula, or shoulder-blade; 
(', coracoid; /, merrythought, or fiirculum (elavicle.s). 


decayed sjiccimcns that arc very profitably utilised in this Avay. 
The breast-bone (Figs, l’, 2, a) excepting Avhen mutilated, is al\\\ays 
preservable Avith the skin, and for choice invoices may form its 
natural accompaniment. You Avant to remove along Avith it the 
coracoids (the stout bones connecting the breast -bone Avith the 
shoulders, Figs. 1, 2, d), the merry thought (Figs. 1, 2,/) inteiwcning 
betAveen these bones, and the shoulder-blades (Figs. 1, 2, d\ all 
without detachment from each other, for these bones collectively 
constitute the shoulder-girdle, or srajttilar arch. Slice off the larger 
breast muscles close to the bone, and divide their insertions into 
the Aving-bones (c) ; scrape or cut aAvay the muscles that tie the 
shoulder-blades to the chest ; snip off the ribs (Figs. 1, 2, h) close to 
the side of the breast-bone ; sever a tough membrane usually found 
between the prongs of the Avish-bone ; then, liy taking hold of the 
shoulders (Figs. 1, 2, at c), you can lift out the Avhole affair, dividing 
some slight connections underneath the bone and behind it. The 
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following points require attention ; the breast-hone often has long 
slender processes behind and on the sides (the common fowl and the 
ptarmigan are extreme illustrations of this, as shown in the figures), 
liable to be cut l)y mistake for ribs, or to l:)e snapped ; the shoulder- 
blades usually taper to a point, easily broken olf; the merrythought 
is sometimes very delicate or defective. When travelling, it is 
generally not axlvisable to make perfect preparations of either skull 
or st(;rnum ; they are best dried with ojily su])erfiuous flesh removed, 
and besprinkled with arsenic. The skull, if perfectly cleaned, is 
j^articularly lial)lc to lose the anvil-shaped, pronged bones that hinge 
the jjiw, and tlie freely movable pair that push on the palate from 
behind, (b eat ca.re should be exercised respecting the identification 
of these bones, particularly the sternum, which should invariably 
bear the number of the s])ecimen to which it belongs ; the label 
should be tied to the coracoid bone. A skull is more likely to bo 
a])le to s})oak for itself, and, besides, is not usually accompanied by 
a skill ; nevertludess, any record tiuiding to facilitate- its recognition 
should be duly (mtered on the ivgister. There are methods of 
making elegant liony pnqmrations. You may secure very good 
results by sim])ly boiling the bones, or, what is perhaps better, 
macerating them in wat(u* till the llesh is completely rotted away, 
and then bleaching them in the sun. A little potassa or soda 
hastens the process. With breast-bones, if you can stop the process 
just when the flesli is completely dissolved, but tlie tougher liga- 
ments remain, you secure a natural preparation, as it is called : 
if the ligaments go too, the associate parts of a lai’ge specimen may 
be wired together, those of a small one glued. I think it best, 
Avith skulls, to clean them entirely of ligament as Avell as muscle ; 
for the underneath parts are usually those conveying the most 
desirable information, and they should not be in the slightest 
degree obscured. Since in such case the anvil-shaped bones, the 
palatal cylinders already mentioned, and sometimes other poitions 
come a2)art, the Avhole are best kept in a suitable box. I prefer to 
see a skull with the sheath of the beak removed, though in some 
cases, particularly of hard-billed bii'ds, it may profitably bo left on. 
Idle completed preparations should be fully labelled by writing on 
the bone, in preference to an accompanying or attached paper slip, 
which may be lost. Some object to this, as others do to writing on 
eggs, that it defaces the specimen ; but I confess I see in dry 
bones no beauty but that of utility. 

“In many families of birds, as the ducks (Anaiidw), the trachea 
or windpipe of the male afi’ords valuable means of distinguishing 
between the different natural groups, or even species, chiefiy by the 
form of the bony labyrinth, or India ossea, situated at or just above 
the divarication of the bronchial tubes. A little trouble will enable 
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the collector in all cases to preserve this organ perfectly, as repre- 
sented in the annexed engraving (Fig. 3). Before proceeding to 
skin the specimen a narrow-bladed knife should 
he introduced into its mouth, and by taking 
hold of the tongue (A) by the fingers or for- 
ceps, the muscles (B B) by which it is attached 
to the lower jaw should bo severed as far as 
they can be reached, care being of course taken 
not to puncture the windpipe (C (J) ; and later 
in the operation of skinning, when dividing 
the body from the neck or head, not to cut 
into or through it. This done, the windpipe 
can be easily withdrawn entire and separated 
from the neck, and tlien the sternal apparatus 
being removed as before described, its course 
must be traced to where, after branching olf 
in a fork (I)), the bronchial tubes {B E) join 
the lungs. At these latter })oints it is to be 
cut off. Then rinsing it in cold wat(;r, and 
leaving it to dry partially, it may, while yet 
pliant, he cithei* wrapped round the sternum, 
or coiled up and labelled separately” (Professor 
Alfred Newton). 


§ 9.— COLLECTION OF NESTS 
AND EGGS 

Ornithology and Oology are twin studies, 
or rather one includes the other. A collection 
of nests and eggs is indispensable for any 
thorough study of birds ; and many persons 
find peculiar pleasure in forming one. Some, 
however, shrink fiom robbing birds' nests as 
something particularly cruel — a sentiment 
springing, no doubt, from the sympathy and 
deference that the tender office of maternity 
inspires. But with all jirojier respect for the 
humane emotion, it may be said simply, that 
birds’-nesting is not nearly so cruel as bird- 
shooting. What I said in a former section, 
in endeavouring to guide search for birds, 
applies in substance to hunting for their nests ; 
the essential difference is, that the latter are of 



Firj. .1. — Tracliea or wind- 
pipo or LIuj male red-breasted 
merganser, Mergiis sermtor, 
about .J iiat. size, viewed from 
above (belli ml) ; after Newton. 
A, tongue ; Ji B, its attacb- 
ments ; C C, windpipe, dilated 
in the middle and swelling 
below into a bony box, D; 
K E, broiicliial tubes, going 
to lungs. 
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course stationary objects, and consequently more liable to be over- 
looked, other things being equal, than birds themselves. Most birds 
nest on trees or bushes ; many on the ground and on rocks ; others in 
hollows. Some })uild elegant, elaborate structures, endlessly varied 
in details of form and material ; otliers make no nest whatever. 
Egging is chiefly practicable in May and during tlic summer ; but 
some species, particularly birds of prey, begin to lay late in winter 
or early in si)ring, so there is really a long period for search. Par- 
ticular nests, of cours(i, like the birds that build them, can only be 
found through ornithological knowledge ; but general search is 
usually rewarded with a varied assortment. The best clue to a 
hid<len nest is the action of the parents ; patient watchfulness is 
commonly successful in ti*acing the bird’s home. As the science of 
oology has not progressed to the ])oint of determining from the nests 
and eggs to what l)ird they belong, in even a majority of cases, the 
utmost care in authentication is indispensable. To be worth anything, 
not to be Avorse than Avorthless in fact, an egg must be identified be- 
yond (jncstion ; must be not only unsus])ccted, but above suspicion. 
A shade of suspicion is often attached to dealers’ eggs ; not neces- 
sarily implying bad faith or even negligence on the dealer’s part, but 
from the nature of the case. It is often extremely difficult to make 
an umpiestionable determination, as, for instance, when numbers of 
birds of similar habits are breeding close together; or even impossible, 
as in ca,sc the parent eludes observation. Sometimes the most acute 
observer may be mistaken, circumstances a})pearing to prove a 
parentage avIkui such is not the fact. It is in general advisable to 
secure the parent Avitli the eggs : if shot or snared on the nest, the 
identification is umjuestionable. If you do not yourself know the 
species, it then becomes necessary to secure the specimen, and retain 
it Avith the eggs. It is not required to make a perfect preparation ; 
the hetid, or bctt(*r, the head and a Aving, Avill ansAver the purpose. 
When egging in doAvnright earnest, a pair of climbing irons, a coil 
of J inch rope, and a tin collecting box filled Avith cotton, become 
indisj)cnsable ; these are the only field implements required in 
addition to those already specified. 

Preparing Eggs. — For bloAving eggs, a set of special tools is 
needed. These are egg-drills, — steel implements Avith a sharp- 
])ointcd conical head of rasping surface, and a slender shaft ; several 
such, of different sizes, arc needed; also, bio av- pipes of dificrent 
sizes, a delicate thin pair of scissors, light spring forceps, some little 
hooks, and a small syringe. They are inexpensive, and may be had 
of any dealer in naturalists’ supplies (see Figs. 4-7). Eggs, should 
never be l)loAvn in the old Avay of making a hole at each end ; nor 
arc tAvo holes anywhere usually required. Opening should be 
effected on one side, preferably that shoAving least conspicuous or 
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cliaracteristic markings. If two are made, they should be rather 
near together ; on the same side 
at any rate. But one is generally 
sufficient, as the fluid contents 
can (‘scape around the blow-pii)e. 

Holding the egg gently but 
steadily in the fingers,^ ^^pplj 
point of the drill jierpendicularly 
to the surface, unless it be pre- 
ferred to prick with a needle first. 

A twirling motion of the instru- 
ment gradually enlarges the open- 
ing by filing away the shell, and 
so bores a smooth-edged circular 
hole. This should be no larger 
than is required to insert the 
blow-pipe loosely, with room for 
the contents to escajic around it. 

Nor is it always necessary to 
insert the pipe; a fine stream of 
water may be easily injected by holding the instrument close to 

the egg, but not 
touching, 
blowing 



FuJ. 4.— 
after Newton. 


-drills, diflereiit sizes, nat. size ; 



Fu), 5. — Instruments for blowing eggs ; after Newton, o, blow- 
pipes, ^ nat. size ; c, wire for cleansing them; fZ, .syringe, i nut. size 
(the ring of the handle must be large enough to insert the tlmiub) ; 
bulbous insufflator, for sucking eggs. 


(piite 
The 

sliould he contin- 
uous and equable, 
rather than for- 
cible ; a strong 
puff easily bursts 
a delicate egg. Be 
sure that all the 
contents arc re- 
moved; then 
rinse the interior 
thoroughly with 
clean water, either 
by taking a 
mouthful and 
sending it 
through a blow- 
pipe, or with the 
syringe. Blowing 
eggs is a rather 
fatiguing process ; 


The usual method of emptying eggs tlirougli one small hole is doubtless 
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the cheek -muscles soon tire, and the operator becomes “blown” 
himself before long. The operation had better be done over 
a basin of water, both to receive the contents, and to catch the 
egg if it slip from the fingers. The membrane lining the shell 



Fio, (■». — Scissors, knives, and forceps, ^ iiat. size ; 
after Newton. 

should be rcmioved if possible. It 
may be seized by the edge around 
the hole, with the forceps, and drawn 
out, or picked out with a ])cnt pin. 
But this is scarcely to be accomp- 
lished in the case of fresh eggs, when 
the membrane may be simply pared 



Fin. 7. — TIooks for extracting 
(nnTiryos, iiiit. size ; alter New- 
ton. o, c, i)lain hooks ; d, 
bilMiook, having cutting edge 
along the concavity. 


smoothly arouml the edge of the hole. Eggs that have been incubated 


of course offer difficulty, in proportion to tlie size of the embryo. The 


supposed to be a veiy modern triek ; but it dates back at least to 1828, when M. 
Danger proposed ^‘a new method of jireparing and preserving eggs for the cabinet,” 
which is practically the one now followed, though he used a tliree-edged needle to 
prick the hole, instead of our modern drill, and did not appear to know some of our 
ways of managing the embryo. I make this reference to his article to call attention 
to one of the tools he recoin mends, vvliich I think would prove useful, as being better 
than the fingers for boldiug an egg during drilling and blowing. The simple instru- 
ment will be understood from a glance at the figure given in the Niittall Bulletin, iii. 
1878, p. 191. The oval rings are covered with a light fabric, as mosquito-netting or 
muslin, and do not touch the egg, which is held lightly hut securely in the netting. 
The cost would be trilling, and danger might be avoided by Danger’s method. 
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hole may be drilled, as before, but it must be larger ; and as the 
drill is apt to split a shell after it has boi’ed beyond a certain size 
of hole, it is often well to prick, with a fine needle, a circular series 
of minute holes almost touching, and then remove the enclosed 
circle of shell. This must be very carefully done, or the needle will 
indent or crack the shell, which, it must be remembered, grows 
more brittle towards the time of hatching. Well-formed embryos 
cannot be got bodily through any hole that can be made in an egg ; 
they must be extracted piecemeal. They may be cut to pieces with 
the slender scissors introduced through the hole, and the fragments 
be iiicked out with the forceps, hooked out, or blown out. No 
embryo should be forced through a hole too small ; there is every 
probability that the shell will burst at the critical moment. Addled 
eggs, the contents of which are thickened or hardened, offer some 
difficult}', to overcome which persistent syringing jind I’epeated 
rinsing are required ; or it may be necessary to fill them witli water, 
and set them away for such length of time that the contents dis- 
solve by maceration ; carbonate of soda is said to hasten the solution; 
the process may be repeated as often as may be lutccssmy. In no event 
must any of the animal contents be suffered to remain in the shell. 
When emptied and rinsed, eggs should be gently wiped dry, and set 
hole downward onblotting-pat)cr to drain. ^ Mroken eggs may 1)C neatly 
mended, sometimes with a him of collodion, or a l)it of tissue paj)er 
and paste, or the edges may be simply stuck together with any 
adhesive substance. Even when fragmentary a rare egg is worth 
preserving. Eggs should ordinarily l)e left enq)ty ; indeed, the 
only case in which any filling is admissible is that of a defective 

^ lleinforci iifi the Etjifslidl hefore Blowituf. — Fig. 8 “shows a pii^co of a 

iimribcr ol‘ wliidi, whuii giiuuiuMl on to an egg, oiio over the other, and left to r?/-//, 
strengtluiu the shell in such a iiiauiier that the instruments above described can be 
introduced tlirongh the aperture in the middle and worked to tlie best advantage, and 
thus a fully formed embryo imiy be cut up, and the ]>ieces 
fNtracted, througli a very moderately sized hole , the number 
of thicknesses required depends, of course, greatly upon tlie 
size of the egg, the length of time it lias been incubated, 
and the stoutness of the shell and the ])aper. Five or six 
is the least number that it is safe to use. Each piece 
should be left to dry before the next is gummed on. The 
slits in the margin cause lliem to set pretty smoothly, which 
will be found very desirable ; tbe aperture in the middle of 
each may be cut out lirst, or the whole series of layers may 
be drilled tlirougli wlien the hole is made in the egg. For 
eonveiiience’ sake, the papers may be prepared already 
gummed, and moistened when put on (in the same way 
that adhesive postage labels are used). Doubtless, patches of linen or cotton 
cloth would answer equally Ave.ll. Wlieii the operation is over, a slight a 2 )plication 
of water (especially if warm) through the syringe will loosen them so that they can 
he easily removed, and they can be sei)arated from one anotlier, and dried to serve 
another time. The size represented in the sketch is that suitable for an egg of moder- 
ate dimension, such as that of a common fowl. The most effectual way of adoiding 



Fig. S.— Nat. size. 
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specimen to which some sliglit solidity can be imparted with cotton. 
It is unnecessary even to close up the hole. It is best, on all 
accounts, to keep eggs in se/.s, a set being the natural clutch, or 
whatever less number was taken from a nest. The most scrupu- 
lous attention must be paid to accurate, complete, and permanent 
labelling. So important is this, that the undeniable defacing of a 
specimen, by writing on it, is no offset to the advantages accruing 
from such fixity of record. It is practically impossible to attach a 
label, as is done with a birdskin, and a loose label is always in 
danger of being lost or displaced. Write on the shell, then, as 
many items as possible ; if done neatly, on the side in which the 
liole was bored, at least one good “show side” remains. An egg 
should always bear tlie same number as the parent, in the collector’s 
record. In a general collection, where separate ornithological 
and oological registers are kept, identification of egg with parent is 
nevertheless readily secured, by making one the numerator the 
other the derK)rainator of a fraction, to be simply inverted in its 
respective application. Thus, bird No. 456 and egg No. 123 are 
identified by making the former the latter ] J;}. All the eggs 
of a clutch should have the same number. If the shell be large 
enough, the name of the species should be written on it; if too 
sinall, it should bo accompanied by a label, and may have the name 
indicated ])y a number referring to a certain catalogue. According 
to my “ Check List,” for example. No. 4 would indicate Tnnhis 
illaeus, the common redw'ing. The date of collection is a highly 
desirable itmn; it may be abbreviated thus: 3/0/82 means 3d June 
1882. It is well to have the egg authenticated by the collector's 
initials at least. Since sets of eggs may be broken up for dis- 
tribution to other cabinets, yet permanent indication of the size of 
the clutch be wanted, it is well to have some method. A good one 
is to write the number of the clutch on •each egg composing it, 
giving each egg of the set, moreover, its individual number. Su])- 
posing, for exam})le, the clutch No. J J contained five eggs; one of 
of them would be /5/1 : the next ] /b/2, and so on. But 

it should be remembered that all such arbitrary memoranda must 
be systematic, and be accompanied by a key. Eggs may be kept 
in cabinets of shallow drawers in little pasteboard trays, each hold- 
ing a set, and containing a paper label on which various items that 


this inetliod of t'mptyiiig eggs is by using ren/ many layers of thin invper and plenty 
of thick (jam, but this is, of course, the most tedious. Nevertheless, it is quite 
worth the trouble iu the ease of really rare specimens, and they will be none the 
worse for operating upon from the delay of a few tlays caused by waiting for the gum 
to dry and harden. The naturalist to whom this method first occurred has found it 
answer remarkably well in every case in which it has been used, from the egg of an 
eagle to that of a humming-bird, and among English oologists it has been generally 
adopted” (A. Newton, in iSmithsonian Misc. Coll., p. 139, 1860). 
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cannot be traced on the shell are written in full. Such trays should 
all be of the same depth, — half an inch is a convenient depth for 
general purposes ; and of assorted sizes, say from one inch by one 
and one-half inches up to three by six inches ; it is convenient to 
have the dimensions regularly graduated by a constant fiictor of, 
say half an inch, so that the little boxes may be set side by side, either 
lengthwise or crosswise, without interference. Eggs may also be 
kept safely, advantageously, and with attractive effect, in the nests 
themselves, in which a fluff of cotton may bo placed to steady them. 
When not too bulky, too loosely constructed, or of material unsuit- 
able for preservation, nests should always be collected.^ Those 
that are very closely attached to twigs should not be torn off. 
Nests threatening to come to pieces, or too frail to ])c handled with- 
out injury, may be secured by sewing through and through with 

^ “ A Plea for tlie Study of Nests,” made l»y Mr. Kniest fufj^ersoll iu his excellent 
Birilti -Nesting^ suits me so well that I will transcribe it. “ Whether or not it is 
worth while to collect nests — for there are many persons who inAer do so — is, it 
seems to me, only a (piestion of room in the cahincjt. As a seientilic study there is 
far more advanta^?e to 1 h‘ ol)taiiied from a series of nests than from a series of eggs. 
The nest is something with which the will ami energies of tlie bird are concerned. It 
expresses the character of the workman ; Is to a certain extent an index of its rank 
among birds, — for iu general those of the highest organisation are the best architects, 
— and give us a glimpse of the bird’s mind ainl t>ower to understand and adapt itself 
to changed conditions of life. Over the shape and ornamentation of an egg the bird 
has no control, being no more able to govern the matter than it cjin the growth of its 
beak. There is as much diHerencc to me, in the interest insjnred, between the nest 
and the egg of a bird, as between its brain and its skull, — using the word brain to 
mean the seat of intelleed. The nest is always more or less the ri'snlt of conscious 
planning and intelligent work, even though it does follow a hereditary habit in its 
style ; Avhile the egg is an automatic production varying, if at all, only as tluj whole 
organisation of the bird undergoes change. Don’t neglect the nests then. In them 
more than anywhere else lies the key to the mind and thoughts of a bird, — the S2)irit 
whicli inhabits that beautiful frame and bubbles out of that golden mouth. And is 
it not this inner life,— -tliis human significance in bird nature, — this suid of ornitho- 
logy, that we are all aiming to .discover Nests arc beautiful, too. What can sur- 
jiass the delicacy of the hiimiiiing-hird’s home glued to the surface of a mossy branch 
or nestling in the warped point of a i)endent leaf ; the virco’s silken hammock ; the 
oriole’s gracefully swaying juiise; the blackbird’s model basket iu tlic Hags ; the snug 
little caves of the marsh wrens ; the hermitage-huts of the shy Avagtails and ground 
warblers, the stout fortresses of the sociable swallows ! Moreover, there is much that 
is highly interesting which remains to be leanieil about nests, and which can only be 
known by paying close attention to these artistic master] )icccs of animal art. We 
want to know by what sort of skill the many nests are woven together that we find 
it so hard even to disentangle ; wo want to know how long they are in being built ; 
whether there is any particular choice in respect to location ; whether it he a rule, 
as is supposed, that tlie female bird is the architect, to the exclusion of her mate’s 
cllbrts further than his supi)lying a part of the materiahs. JMaiiy such points remain to 
he (deared uj). Then there is the question of variation, and its extent in the archi- 
tect of the same species iu different quarters of its ranging area. How far is this 
carried, and how many varieties can be reconled from a single district, where the same 
list of materials is open to all the birds equally ? Variation shows individual ojiinion 

taste among the builders as to the suitability of this or that sort of timber or fur- 
niture for their dwellings, and observations upon it tlins increase onr acquaintance 
with the scope of ideas and habits characteristic of each species of bird.” 

G 
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fine thread : indeed, this is an advisable precaiition in most cases. 
Packing eggs for transportation rcf[uires much care, but the pre- 
cautions to be taken are obvious. I will only remark that there is 
no safer way than to leave them in their own nests, each wrapped 
in cotton, witli which the whole cavity is to be lightly filled ; the 
nests themselves being packed close enough to be perfectly steady. 


S 10.— CAKE OF A COLLECTION 

Well-preserved Specimens will last “ for ever and a day,” so 
far as natural decay is concerned. I have handled birds in good 
state, shot back in the twenties, and have no doubt that some 
eighteenth-century preparations are still extant. The precautions 
against defilement, mutilation, or other mcjchanical injury, are self- 
evident, and ,may be dismissed with the remark, that white plum- 
ages, espccijdly if at all greasy, re([iiirc the most care to guard 
against soiling. We have, however, to light for our possessions 
against a host of enemies, individually despicable but collectively 
formidable, — foes so determined that untiring vigilance is required 
to ward oli‘ their attacks even temporarily, whilst in the end they 
])rovc invincible. It may be said that to be eaten up by insects is 
the natural end of all bird-skins not sooner destroyed. 

Insect Pests (Figs. 9, 10, 11, 12) with which we have to con- 
tend l)elong piincipally to the two families TinAdm and Dermcdidce 
— the former are moths, the latter beetles. The moths are of 
s[)ecies identical with, and allied to, the common clothcs-moth, 
Tinea jladfrouloUn^ the carpet moth, T. tajuTAla^aiii., — small species 
observed Hying about our apartments and museums, in May and 
during the summer. The beetles are sevsral rather small thick-set 
s})ccics, princi[)ally of the genera Derinestcs and Anthrenus. I am 
able to figure species of these genera, with their larval stages, and 
of two other genera, Ptinas and Sitodre/pa^ through the attentions of 
Professor (k V. Itiley, the eminent entomologist. The larvje cater- 
pillars” of the moths, and “grubs” of the beetles) appear to be 
the chief agents of tlie destruction. The presence of the mature 
insects is usually readily detected ; on disturbing an infested suite 
of specimens the moths flutter about, and the beetles crawl as fast 
as they can into shelter, or simulate death. The insidious larvae, 
however, are not so easily observed, burrowing as they do among 
the feathers, or in the interior of a skin ; whilst the minute eggs 
are comihonly altogether overlooked. But these insects are not 
long at work without leaving their unmistakable traces. Shreds 
of feathers float off when a specimen is handled, or fly out on flip- 
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ping the skin with the fingers, and in bad cases even whole bnndles 
of plumes come away at a touch. Sometimes, leaving the plumage 
intact, insects eat away the horny covering of the bill and feet, 
making an irreparable mutilation. It would appear that when the 
pests ellect lodgment in any one skin, they usually finish it before 
attacking another, unless they are in great force. We may con- 



Fio. O.—Aiitlirenas sorn^^liularitr, ; the short Kn ■ sliows iiat. size. ", h, larvje ; 

c, pupa; (f, iiaai;o. 



Kj»j. 10. — Dennistes hi.rdiiriU'i, Vm. }^.—SHn(Jrl'p<l jxiaicm, Frc. I'J, — Ptinus hruuiinL't. 
(■nlarj^t'd. larva ; an «*nlarj;e«l. o, iina.^o ; un- 

hair ; c, imago. tenna, more enlarged. 


setpiently, by prompt removal of an infested specimen, save further 
depredations ; nevertheless, the rest become suspicious, and the 
whole drawer or box should be (piarantined, if not submitted to 
any of the processes described beyond. Our lines of defence are 
several. We may mechanically oppose entrance of the (memy ; we 
may meet him with abhorrent odours that drive him olf, sicken or 
kill him, and finally we may cook him to death. I will notice 
these methods successively, taking occasion to describe a cabinet 
under the first head. 
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Cases for Storage or Transportation should be rather small, 
for several reasons. They are easier to handle and pack. There 
are fewer birds pressing each other. Particular specimens are more 
readily readied. Insects must effect just so many more separate 
entrances to infest the whole. Small lids are more readily fitted 
tight. For the ordinary run of small birds 1 should not desire a 
box over 18x18x18 inches, and should prefer a smaller one ; for 
large birds, a box just long enough for the biggest specimen, and of 
other proiiortions to correspond, is most eligible. Whatever the 
dimensions, a proper box presupposes perfect jointing ; but if any 
suspicion be entertained on this score, stout paper should be pjisted 
along all the (idges, both inside and out. We have practically to 
do with the lid only. If the lot is likely to remain long untouclied, 
the cover may be screwed very close and the crack })astcd like the 
other’s. Under other and usual circumstances the lid may be pro- 
vided with a metal boss fitting a groove lined with india-rubber or 
filled with wfix. An excellent case may be made of tin Avith the 
lid secured in this manner, and further fortified with a wooden 
casing. Ilirdskins entirely free from insects or their eggs, encased 
in some such secure manner, Avill remain intact indefinitely; but 
there, is misery in store if any bugs or nits l)c y)ut away Avith them. 

Cabinets. — As a matter of fact, most colh^ctions are kept readily 
accessil.)le for examination, disjilay, or other immediate use, and this 
precludes any disyiosition of them in hermetical cases. The most 
Ave can do is to secure tight fitting of movable AVoodAvork. The 
cabinet is most eligible for private collections. This is, in effect, 
simj)ly a bureau, or chest of drawers, protected Avith folding doors, 
or a front that may be detached, either of y)lain Avood or sashing 
for panes of glass. It is astonishing how many birdskins of average 
size can be accommodated in a cabinet that makes no inconvenient 
piece of furnitim'. for an ordinary room. 'A cakiiujt may of course 
be of any desired size, shapi*, and style. In general it Avill be 
better to put money into excellence of fitting rather than elegance 
of finish ; the handsomest front does not compensate for a crack in 
the back or for a dra,wer that hitches. There should not be the 
slightest haw in the exterior, and doors should lit so tightly that a 
puff of air may be felt on closing them. The greatest desideratum 
of th(‘. interior Avork, next after close fitting yet smooth running of 
the drawers, is economy of space. This is secured by making the 
draAvers as thin as is consistent Avith stability ; by having them 
slide by a boss at each end fitting a groove in the side wall, instead 
of resting on horizontal partitions ; and by hinged countersunk 
handles instead of knobs. I do not recommend, except for a suite 
of the smallest birds, a multiplicity of shalloAv draAvers, accommodat- 
ing each one layer of specimens ; it is better to have fcAver deeper 
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drawers, into which light shallow movable trays arc fitted. These 
trays never need be of stuff over one-eighth or one-fourth of an 
inch thick, and may have bottoms of stiff pasteboard glued or 
tacked on. They may vary from one-half inch to two inches in 
depth, but this dimension should always be some factor of the 
depth of the drawer, so that a certain number of trays may exactly 
fdl it. They should be just as long as one transverse dimension of 
the drawer, and rather narrow, so that two or more are set side by 
side. Finall}^ though they may be of different depths, they should 
be of the same length and breadth, so as to be interchangeable. 
They may simply rest on top of each other, or slide on separate 
projections inside the drawer. Such trays are extremely handy 
for holding particular sets of specimens, to be carried to the study 
table without disturbing the rest of the collection. 

If a collection be so extensive that any particular specimen may 
not be readily hunted up, it will be found convenient to have the 
drawers themselves labelled with the name of the j^Voup within. 
A collection should always be methodically arranged — ])rcferably 
according to some approved or supposed natural classification of 
birds ; this is also the readiest mode, since, with some conspicuous 
exceptions, birds of the same natural group are approximately of 
the same sirx. If I wore desired to suggest proportions for a ])rivate 
cabinet of most general eligibility, I should say four feet high, by 
three feet wide, by two feet deep, in the clear ; this makes a portly 
yet not unwieldy-looking object. It is wide enough for folding- 
doors, to be secured by bolts at top and bottom, and lock ; not so 
high that the top drawer is not readily inspected ; and of propor- 
tionate depth. Such a case will take seven drawers six inches deep 
either of the full width or in two series with a median partition ; 
these drawers will hold anything up to an eagle or crane. A jjart 
of them at least should have a full complement of such trays as I 
have described, — say three or four tiers of the shallower trays, three 
ti’ays to a tier, each about two feet long by about a foot wide ; and 
one or two tiers of deeper trays. 

To Destroy Insects. — In our present case prevention is not the 
best remedy, simply because it is not always practicable ; in spite 
of all mechanical precautions the insects will get in. We have, 
therefore, to see what will destroy them, or at least stop their 
ravages. It is a general rule that any pungent aromatic odour is 
obnoxious to them, and that any very light powdery substance 
restrains their movements by getting into the joints anti breathing 
pores. Both these qualities are secured in the ordinary insect 
powder, to be had of any leading druggist. It should be lavishly 
strewn on and among the skins, and laid in the corners of the 
drawers and trays. Thus employed it proves highly effective, and 
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is on the whole the most eligible substance to use when a collection 
is constantly handled. Camphor is a valuable agent. Small 
fragments may be strewn about tlie drawers, or a lump pinned in 
mosquito netting in a corner. Benzine is also very useful. A 
small sauccrfid may be kept evaporating, or the liquid may be 
sprinkled — even poured — directly over the skins ; it is very volatile 
and leaves little or no stain. It is, however, obviously ineligible 
when a collection is in constant use. ]\ly friend Mr. Allen informs 
me ho has used sulphide of carbon with great success. The 
olqection to this agent is, that it is a stinking poison ; should be 
used in the open air, to escai)e the ineffably disgusting and dele- 
terious odoui's, and its eiiq)loyment is properly restricted to cases for 
storage. When the bill or feet show they are attacked, further 
depredation may be prevented by pencilling with a strong solution 
of corrosive sublimaU; ; a Aveaker solution, one that leaves no Avhite 
film, on drying, on a black fcatlier, may even be. brushed over the 
Avholc ])liinia^c. Mr. Eidgway tells me that oil of bitter almonds 
is equally (tlicacious. But remember that these poisons must be 
used with care. Specimens may be buried in coarse refuse tobacco 
leaves. One or another of these lines of defence will commonly 
prove successful in destroying or driving off* mature insects, and 
even in stopping the ravages of the larvie ; but I doubt that any 
such means will kill the eggs. With these Ave must deal otherAvise ; 
and their d(^struction no less thaTi that of their ])arents is assured, 
if we subject them to a high temperature. Baking birdskins is 
really the only process that can make us feel perfectly safe. 
Infected specimens, along Avith suspected ones, should be subjected 
to a dry heat, from *212*^ V. up to any degree sliort of singeing the 
})lumage. This is readily done l)y putting the birds in a Avooden 
tray in any oven — they must hoAvever ])e watched, unless you have 
special contrivances for regulating the te'mj^erature. How long a 
time is ixupiired is probably not ascertained Avith jjrecision ; it Avill 
be Av^ell to ])ake for several hours. When the beetles and larvte are 
found completely parched, it may be confidcmtly believed that the 
unseen eggs are out of the liatchiiig Avay for ever. 

Arsenic helps to keep out the bugs, besides preventing decay — a 
fact that should never be forgotten, and that should give shaiq^jer edge 
to my advice respecting lavish use of the substance at the outset. If 
it be true, as some state, that bugs can eat arsenic without dying, 
it is also true that they do not relish it ; and in entering a case of 
skins they Avill burroAV by preference in those holding the least of it. 
This fact is continually exhibited in large collections, Avhere if two 
birds be side by side, one being duly arscnicised and the other not 
so, one Avill be taken and the other left. It is also a fact in the 
natural history of these our pests, that they are fond of peace and 
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quiet, — they do not like to be disturbed at their meals. So they 
rarely effect permanent lodgment in a collection that is constantly 
handled, though the doors stand open for houi*s daily. As a con- 
sequence, the degree of our diligence in studying birdskins is likely 
to become the measure of our success in preserving them. I once 
read a work, by an eminent divine, on the Moral Uses of Dark 
Things, under which head the author included every dark thing from 
earthquakes to mosquitoes. If there be a moral use in the “ dark 
thing” that museum pests certainly are to us, we have it here. 
The very bugs urge on our work. 



Fir.. 13. — Ai.kxwdkr Wilson’s Sniooi.-iiousE, near Gray’s Ferry, I’TULADELPinA, XT.S.A. 
From a drawing by M. S. Weaver, Oct. 33, 1S41, received by Elliot Coin's, February ISTH, from 
Malvina Jjavvsoii, <laugbter of Abixamler l^awstm, Wilson’s eimraver. Sec artielo in Wu'. Penn 
Monthly, June ISTil, ]). 443. 'I’he drawiiij; was lirst enj^raved on wood, and publislied, by 
Thomas Meebaii, in tbo (htnleneea A/oa/ZiZy, August ISSO, p. 31S. The ]>resont impression is 
Zroin an electrotype of that woodcut. Tlic .size of the original is f) •10x3*05 inebes. This re- 
minder of early days of “Field Ornilhoh»gy” in America maybe further attested by the 
signature of 
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S 1.— DEFINITION OF HIEDS 

General Ornithology, like Field Ornithology, is a subject with 
which the student must have some acquaintance, if he would hope 
to derive cither pleasure or profit from the Birds of Great Britain. 
For any intelligent understanding of this subject, he must become 
reasonablj^ familiar with tlie technical tei'ms used in describing and 
classifying biids, and learn at least enough of the structure of these 
creatures to appreciate the characters upon which all description 
a.nd chissilication is based. Extensive and varied and accurate as 
may be his random percei3tiou of objects of natural history, his 
knowledge is not scientific, but only empirical, until reflection comes 
to aid observation, and conceptions of the significance of what he 
knows are formed by logical processes in the mind. For 

Science (Lat. .s'r/rr, to know) is knowledge set in order ; know- 
ledge disposed after the rational method that best shows, or 
tends to show best, the true relations of observed facts. Sound 
scientific facts arc tlie natural basis of all philosophic truth, and 
the safest stepping-stones to religious faith, — to that wisdom 
which comes only of knowing the relation which material 
entities bear to spiritual realities. The orderly knowledge of 
any particular class of fixets — the methodical disposition of observa- 
tions upon any particular set of objects — constitutes a Special 
Science. Thus 

Ornithology (Gr. opviOo^, ornithos, of a bird; Aoyos', logos, a 
discourse) is the Science of Birds. Ornithology consists in the 
rational arrangement and exposition of all that is known of birds, 
and the logical inference of much that is not known. Ornithology 
treats of the physical structure, physiological processes, and mental 
attributes of birds ; of their habits and manners ; of their geo- 
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graphical distribution and geological succession ; of their probable 
ancestry ; of their every relation to one anotlier and to all other 
animals, including man, — in short, of their significance in Nature. 
The first business of Ornithology is to define its ground— to answer 
the cjuestion 

What is a Bird ? — There is every reason to believe that a Bird 
is a greatly modified Keptile, being the offspring by direct descent 
of some reptilian iirogcnitor; and there is no reason to suppose 
that Jiny bird ever had any other origin than by due process of 
hatching out of an egg laid by its mother after fecundation by its 
father,— just wliat we believe to have been the invariable method 
during the period of the world known to human history. There is 
no reason to believe that any bird was ever originally created and 
endowed with the characters it now iiossesscs ; but that every bird 
now living is the naturally modified lineal descendant of parents 
that were less and less like itself, and more and more like certain 
reptiles, the further removed they were in the line of avian 
ancestry from such birds as are now living. This is the Darwinian 
logic of observed facts, upon which the modern Theory of Evolution 
is based, in opposition to the tradition of the sj^ccial creation of 
every species of animal ; which latter has no scientific basis 
whatever, and is consecpiently accepted as true by few thoughtful 
persons who are capable of forming independent judgments. 
Accordingly, 

Birds and Reptiles — even those of the present geologic epoch 
— share so many and so important structural charactei's, that the 
chiefs of science of our day are wont to unite the two classes, 
and Iieptilin, in one ])rimary grou]) of the Vertehnita^ or animals 
with a backbone. This group is called Hauropsida^ or reptiliforms ; 
it is contrasted, on the one hand, with IcJithyoimda, or fish -like 
vertebrates, including Batrachians as well *as Fishes ; and, on the 
othci’, with Mainniid'ut^ the province of the Vortebrata which in- 
cludes Man and all other animals that suckle their young. We 
find tha-t 

The Sauropsida (Gr. crexfipos, sanros, a reptile ; o^t?, apsis, appear- 
ance), or lizard-like Vertebrates, agree with one another, and differ 
from other animals, in the following important combination of char- 
Jicters, substantially as laid down by Professor Huxley, — some of 
the characters being shared by the IrMhyopsuhi, and some by the 
Mammalia, but the sum of the characters being distinctive of Saurop- 
sida: they are all oviparous (laying eggs hatched outside the body 
ot the parent), or ovoviviparous (laying eggs hatched inside the body 
of the parent), being never viviparous (bringing forth alive young 
nourished before birth by the blood of the mother). The embryo 
develo])s those foetal organs called amnion and allantois, and is 
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nourished before hatching by the great quantity of food-yolk in the 
egg. There are no mammary glands to furnish the young 'vvith 
milk after birth. The generative, urinary, and digestive organs 
come together behind in a common receptacle, the doac/t^ or sewer, 
and their products are discharged by a single orifice. The kidneys 
of the early embryo, called Wolffian hodka^ an^ soon replaced func- 
tionally by permanent kidneys, and structurally by the tesks of the 
male and the ovaries of the female. The cavity of the ahdomen, or 
l)elly, is not separated from that of the ilwrar, or cliest, by a com- 
])lete muscular partition, or dia^dirai/w. The great lateral hemi- 
spheres of the brain are not connected by a transverse commissure, 
or corpus callosuvL Air is always brcathc<l by true lungs, never hy 
gills. The blood, which may be cold or hot, has red oval nucleated 
cori)uscles ; the heart has either three or four separate chambers, — 
the latter in birds, in which the circulation of the hot blood is com- 
pletely double, i.e. in the lungs and one side of the heart, in the 
body at large and the other side of the heart. The a'O'tic arches arc 
several ; or if but one, as in birds, it is the right, not the left as in 
mammals. The centra, or bodies, of the vertebrae are ossified, l)ut 
have no terminal eplphijscs, Tlie skull hinges u])on the backbone by 
a single median protul;)crance, or cond/jle, and the bone (hasioccipifal) 
bearing this condyle is conqdetely ossified. The lower jaw consists of 
stweral separate [)ieccs, the articular one of which hinges upon a mov- 
able quadrate bone; and there arc other peculiarities in the formation 
of tlui skull. The ankle-joint is situated, not, as in Mammals, between 
the tarsal ])ones and those of the leg, but between two rows of tarsal 
bones. The skin is usually covered Avith outgrowths, in the form of 
scales or feathers. DifTcrent as arc any living members of the class 
of Birds from any known Ke])tiles, the cliaracters of the tAvo groups 
converge in geologic history so closely, that the presence of feathers 
in the former class, and 'i^heir absence from the latter, is one of the 
most positive dilferences we have found. The oldest knoAvn birds 
arc from the Jurassic rocks of Europe, and the Cretaceous l)eds of 
North America. These birds had teeth, and various other strong 
peculiarities of structure, Avhich no living members of the class have 
retained. 

AVES, or the Class of Birds, may be distinguished from other 
Satirojysida, for all that is knoAvn to the contrary, by the following 
sum of characters : The body is covered Avitli feathers, a. kind of 
skin-outgrowth no other animals possess. The blood is hot; the 
circulation is completely double ; tlie heart is perfectly four- 
chambered ; there is but one (the right) aortic arch, and only one 
pulmonary artery springs from the heart ; the aortic and the pul- 
monary artery have each three semilunar valves. The lungs are 
fixed and moulded to the cavity of the chest, and some of the air- 
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passages run through them to admit air to other parts of the body, 
as under the skin and in various ])ones. Keproductioii is oviparous ; 
the e<'-''-s are very large, in consequence of their copious yolk and 
whiteThave a hard chalky shell, and are hatched outside the body 
of the parent. Tliei-e a, re always four limbs, of which the fore 
or pectoral ])air ani strongly distinguished from the hind or pelvic 
j)air l)y being niodili<*(l into ww{i.% fitted for flying, if at all, by* 
means of feath(*rs — not of skin as in the cases of such mammals, 
reptiles, and fishes as can fly. Tlie terminal part of the limb is 
compressed and reduced, bearing never more thaai three digits, only 
two of which evfu' have claws, and no claws being the rule. There 
are not more than two separate or wrist-bones, in adult 

recent birds (with very rare exceptions) ; nor any distinct inter- 
clavicular bone. The clavicl(‘S are complete (with rare exceptions), 
ajid coalesce to form a ‘'wish-bone'' or “merrythought." The 
oi* breast-])ono, is large, usually cannate, or keeled, and the 
ribs are attached to its sid(‘s only ; it is developed from two to five 
or more centr(\s of ossilication. The ^dcml vertebra) pi'oper have no 
expaiuhid ribs abutting against the llht ; the ilia, or haunch-bones, 
are greatly ])rolonged forward ; th(i socket for the head of the 
fmut\ or thigh-bone, is a ring, not a cup ; the ischia and imhes are 
prolonged iRickward in parallel directions, and neither of these bones 
ever unites Avith its fellow in a ventral symphysis (except in Stniihio 
and llhm). The Jikda, or outer bone of the leg, is incomplete 
beloAV, taking no part in the ankle-joint, dlie adragaluSy or upper 
bone of the tarsus, unites Avith the tibia^ or inner bone of the leg, 
leaving the ankle-joint betAveen itself and other tarsal bones, the 
lower of Avhich latter similarly unites Avith the bones of the instep, 
or indaf((r>ius. Thciij are never more than four metatarsal bones, 
and the same number of digits • the first or inner metatarsal bone 
is usually free, and incom})lete above ; tke other three anchylose 
(fuse) togetluT, and Avith distal tarsal bones, as already said, to form 
a compound tarso-metatarsus. Recent birds, at any rate, have a 
certain saddle-shape of the ends of the bodies of some vertebne. 
Such birds have also no teeth and no fleshy lips ; the jaws are 
covered Avith horny or leathery integument, as the feet are also, 
Avhen not feathered. 

The Position of the Class Aves among other Vertebrates is 
definite. Birds come in the scale of development next bcloAV the 
Class Mamimlia, and no close links betAveen Birds and Mammals are 
knoAvn ; the most bird-like knoAvn mammal, the duck-billed platypus 
of Australia {Oiiiitlwrlujnchus panuloxm)^ being several steps beyond 
any knoAvn bird. Birds are the higher one of the two classes of 
Saaropsida — the lower class, lleptilla, connecting with the Batrachians 
(frogs, toads, newts, etc.), and so with the Fishes, IchtJiyopsida. In 



SEC. 


DEFINITION OF BIRDS 


95 


this Vertebrate series, Birds constitute what is called a hxglihj 
n'pccialised group ; that is to say, a very particular offshoot, or, more 
literally, a side-issue, of the Vertebrate genealogical tree, which in 
the present geological era has become developed into very numerous 
(about 10,000) species, closely agreeing witli one another in the 
peculiar sum of their physical character. In comparison with other 
classes of Vertebrates, all birds are much alike ; there is a less degree 
of ditierence among thpm than that found among the members of 
any of the other classes of Vertebrates ; their likeness to each other- 
being strong, and their kind of difference from any other Verte- 
brates being peculiar, makes them the highly sj)ecialised class 
they are recognised to be. The structural dilference between a 
humming-bird and an ostrich, for example, is not greater in degree 
than that subsisting between the members of some of the orders of 
lieptiles ; whence some hold, with reason, that Birds should not form 
a class Avesj but an order, or at most a sub-class, of Siwropmla, and 
so be compared not with a class Eeptilin collectively, b'lt with other 
sauropsidan orders, such as Chelonia (turtles), Sanria (lizards), 
Ophidia (serpents), etc. The practical conveiiience of starting with 
a “class’^ ylvc.% however, is so great, that such classificatory value 
will probably long continue to be ascribed, as heretofore, to Birds 
collectively, 1 have spoken of Birds as a ])articular side-issue or 
lateral branch of the Vertebrate “ tree of life ; hence it is not to bo 
supposed that they are in the direct line of genealogical descent. 
Though they stand as a group next l)clow Mammals in the scale of 
evolution, it does not follow that Mammals were developed from 
any such creature as a Bird has come to be, any more than that 
Birds have been evolved from any such Eeptiles as those of the pre- 
sent day. It is one of the popular misunderstandings of the Theory 
of Evolution, to imagine that all the lower forms of animals are in 
the genetic line of development of the higher forms ; that man, for 
example, was once a gorilla or a chimpanzee — actually such an ape. 
The theory simply rcrpiircs all forms of life to be developed from 
some antecedent form, presumably, and in most cases certainly, lower 
in the scale of organisation. Thus man and the gorilla are both 
descendants of some common progenitor, more or less unlike either 
of these existing creatures. All mammals arc similarly the modified 
descendants of some more primitive stock, from which stock sprang 
also all Sauropsida, mediately or immediately ; therefore a Mammal 
is not a modified Bird, though higher in the scale ; and, though a 
Bird is a modified Eeptile, it is not a modification of any such 
snake or lizard as now exists. The most bird-like reptiles known 
are not the Pterodactyls, or Flying Eeptiles (rkrosauria), as might 
he supposed ; but belong to that remarkable order, the Ornitho- 
scelidiij comprising the Dinosaurians, which ‘‘ i)resent a large series of 
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modifications intermediate in structure between existing ReiAilia 
and Ates,” and arc therefore inferentially in the direct ancestral 
line of modern Birds. 

Geologic Succession of Birds. — Birds have been traced back in 
geologic time to Cretaceous and Jurassic epochs of the Mesozoic or 
Mid-Life period of the ^vorld’s history. The earliest oimthkhnites , — 
the fossils so called because supposed to indicate the presence of 

Birds by their 
footprints, were 
discovered about 
the year 1835 in 
the Triassic for- 
mation in Con- 
necticut. But the 
creatures which 
made these tracks 
are now reason- 
ably believed to 
have been all 
Dinosaurian rep- 
tiles. The oldest 
ornltliolite^ or fos- 
sil certainly 
known to be that 
of a true Bird, is 
the famous A rclur- 
optenjXj found by 
Andreas Wagner 
in 1861 ill the 
Oolitic slate of 
Solcnhofen in 
Bavaria. This has 
a long lizard-like 
tail of twenty ver- 
tebrie, from each 
of which springs 




- Oldcht Iviiowjj oniitliolo^jVal treatise, illustratinjt also 
litlio;,'nii)liy ill tlic .Iiiiassic })crio(l, eiif^ravorl by AreJuro- 
'nrnphini. l‘’inin the original slab in the Ui-itish Musouni ; 

•ttti'ii, / III lU'lf. 


ti well-developed feather on each side ; feathers of the wings 
are also well preserved; bones of the hand are not fused to- 
gether, as they are in recent Birds; and the jaws bear true 
teeth. This Bird has served as the basis of one of the primary divi- 
sions of the class Aves ; though it has many reptilian characters, it 
is a true Bird. The great gap between this ancient Avian and 
latter-day birds has been to some extent bridged by the discovery 
and restoration of Birds from the Cretaceous formations of North 
America, such genera as Ichthyornis and Ilesperornis forming types of 
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two other primary divisions of the class, Odontotomm and Odontolccr, 
or Birds with teeth in sockets, and those with teeth in grooves. In 
both these genera the tail is short, as in ordinary birds. In Ichfhy- 
ornis, though the Avings are well developed, with fused metacarpals, 



Fio. 15. — Ilc'.stor.atio]i of Jfcsjicrornls regal h. Afttr Jlar.'sli. 

and the sternum is keeled, the vertebra) present the extraordinaiy 
jn'iniitive character of being biconcave. In Jlesperoniis the vertebra^ 
arc saddle-shaped, as usual, but the sternum is flat, as in Die existing 
ostriches, and the wings are rudimentary, wanting metacarpals. 
Some twenty species of several genera of other American Cretaceous 
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J^irds have been (lescri])ed. liomains of Birds multiply in 
the next period, the Tertiaiy. Those of the Eocene or early 
Tertiary arc largely and longest knoAvn from discoveries made 
in the Paris fkisin, among them the Gadornis 'parisiensis, at 



Flu. 16.— ni'storatioii of Jehihyornis victor. Alter Marbli. 


least \as large as an ostrich ; some of these belong to extinct 
genera, others to genera which still llonrish ; none are known 
to have true teeth, or otherwise to be as primitive as the reptile-like 
iorms of the Cretaceous. The Miocene or Middle Tertiary has 
proved specially rich in remains of Birds, including some of extinct 
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ii;enera, but in largest i)roportion referable to modern ty])c.s. Later 
Tertiary (Pliocene and Post-pliocene) birds are almost all of living 
genera, and some are apparently of living species. Extinct birds 
coeval with man, their bones bearing his 
marks, arc found in various caves. Snlrfossil 
birds’ bones occur in shell-heaps (kitchen- 
luiddens) and elsewhere, of course contempor- 
aneous with man, and some of them scarcely 
jircbistoric. One of the oldest of these is the 
gigantic lEjujoniis inn.Pi mm of Madagascar, of 
which we have not oidy the bones, but the 
('gg. The immense Moas, or J)}norn'ifltrs of 
New Zealand, were among the later of these 
to die, imi’tions of skin, feathers, etc., of 
these great creatures having been Ibund. 

With the ]\loa-remains arc found those of 
If(irpa(jornh% a raptorial bird largi^ (‘iiough to 
have j)rey(id upon tlui IVloas. Einally, various 
Inrds have be('n externiinat(;d in historic 
times, and some of them within the lifetime 
of persons now living. The Dodo of Mauri- 
tius, Didn.sinrpfus., is the most c(‘lebi*ated on(‘ 
of these, of tlui living of which we have 
documentary evidence down to 1081; the 
Solitaire of Kodriguez, Peiophnp^i 
the (leant, Lryunlln (/irpiufnf, and s(iveral 

others of the same IMascarene group of islands, „ ^ r 

are in similar case. 1 he (u’eat Auk, yliof (jitjantcK. Aitor 

hiipninis, is sup}K)sed to have become extinc,t ‘ ^ 
in 181-4; a species of Parrot, prod/fr/m, was last known to 

ho living in ISol ; various* parrots and other birds have likewise 
(lisappi'ared within a very few years. At least one North American 
bird, the Labrador Duck, Caniplohernti.'^ lohmdorln.'^, seems likely 
soon to follow. (A. Newton, Niun/, Ih lt. ninth edition, art. ‘ Birds.’) 


§ 2.— PRINCIPLES AND PRACTICE OF CLASSIFICATION 

Having* seen what a Bird is, and how it is distinguished from 
other animals, our next liusiness is to inquire how birds arc related 
h) and distinguished from one another, as the basis of 

Classification : a prime object of ornithology, without the 
attainment of which birds, however pleasing they are to the senses, 
not satisfy the mind, which always strives to make orderly 
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disposition of its knowledge, and so discover the reciprocal relations 
and interdc[)ciidcncics of the things it knows. Classification pre- 
supposes tliat tlierc do exist such relations, according to which we 
may arrange ohj(!cts in the manner which facilitates their compre- 
liension, hy ])ringing together what is like, and separating what is 
unlike \ and that such relations arc tlui- results of fixed, iuevitahle 
law. It is, thciefore, 

Taxonomy (Ci*. arrangement, and ro/xo?, nomoi^, law), 

or the rational, lawful disjiosition of oh.servxd facts. Just as taxi- 
dermy is the art of fixing a bird’s .skin in a natural manner, so 
taxonomy is the soicuc(i of arranging birds in the most natural 
manner; in the way that brings out most clearly their natural 
aflinities, and so shows them in tlieir proper relations to one another. 
This is the greatest po.ssible help to the memory in its attempt to 
retain its hohl upon great numbers of facts. But taxonomy, Avhich 
inv^cjlves consideration of the greatest problems of ornithology, as of 
(‘veay other •bra nch of biology (hiolo/j)/ lieing the science of life and 
living things in general), is beset with the gravest difficulties, 
spi’inging from oui* defective knoAvledgc. Wo could oidy perfect 
our taxonomy by ha\ ing before us a specimen of every kind of bird 
that exists, or cv(*r existed ; and by thoroughly understanding how 
each is related to and differs from every otlun' one. This is obvi- 
ously iinjiossiblc ; in point of fact, w'e do not know all the birds 
now' living, and only a .small nnmher of extinct liirds have come to 
light ; St) that many of the most im])ortant links in tlie chain of 
(jvidcncc aie missing, and many more cannot l)e satisfactorily joined 
together. With tliese .springs of ignorance and sources of error 
must 1)0 reckoiK'd also the ri.sk of going wu’oiig through the uatiiral 
fallihilily of tlu^ mind. The result is, that the “natural classifica- 
tion,’’ like the elixir of life or the ])hilosu})hcr’s stone, is a goal still 
distant ; and as a niatbu* of fact, the pheseut state of the ornitho- 
logical systiun is far from heing .sati.sfactory. It is obvious that 
Inrds, or any other objects, may be classified in numberless ways, 
— in as many w'ays as are afforded by all their ((ualities and rela- 
tions, — to suit particular })urposes, or to satisfy ])articidar bents of 
mind. Hence have arisen, in the hi.stuiy of the science, very many 
ditlercut schedules of classification ; in fact, nearly every leader ot 
oruitliology bas iu liis time [iroposed bis owni system, and enjoyed 
a more or Jess res[)ccta])lo and inlliiential following. Systems have 
been based uimi this or that set of characters, and erected from 
this or that preconceiitiou in the mind of tlie systemati.st. Down 
to quite recent daj's, the modifications of tlie external parts of birds, 
particularly of the bill, feet, Avings, and tail, Averc almost oxclusiA^ely 
employed for purposes of classification; and the mental point of 
view^ Avas, that each species of bird AA'as a separate creation, and as 
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much of a fixture in Nature’s museum as any specimen in the 
naturalist’s cabinet. Crops of classifications have been sown in the 
fruitful soil of such blind error, but no lasting harvest has been 
reaped. The confusion thus engendered has brought about the 
inevitable reaction ; and the fashion of the present day is d(*cidedly 
the opposite extreme, — that of counting external features of little 
consequence in comparison with anatomical characters. Too much 
time has been wasted in arguing tlie superiority of each of these 
characters for the purjioses of classification ; as if a natural classi- 
fication should not be based upon all points of structure ! as if 
internal and external characters were not reci]n‘ocal a,nd mutually 
ex[)onent of cacli other ! Ihit the genius of modern taxonomy 
seems to be so certainly right, — to be tending so surely, evcui if 
slowly, in the direction of the desired consummation, that all 
differences of oj)inion, we may hope, soon will be settled, and 
defect of knowledge, not jicrvei'sity of the mind, l)e the only 
obstacle loft in the Avay of success. Tlie taxonomic go!>l is not now 
to find the way in which birds may be most conveniently arranged, 
described, and catalogued ; but to discover their pedigree, and so 
construct their family -tree. Such a genealogical table, or 'plnjlum 
(Or. </)eAov, pliKfoii, tribe, race, stock), as it is called, is rightly con- 
sidered tlie only taxonomy worthy the name, — the only trui^ or 
natural classification. In attompfing this end, we [)rocecd upon 
the belief that, as explained above, all birds, like all other animals 
;uul plants, are related to each other genetically, as oifsjubig are to 
parents ; and tliat to discover thcii* genetic, relationships is to bring 
out their tiaie afliiiities,- — in other woi-ds, to reconstruct the actual 
taxonomy of Nature. In this vi('w, tlnu'e can 1)0 but one natural 
classification, to the ])orfecting of which all inci’case in our knowledge 
of the structure of lords infallibly tends. The elassilicatioii now in 
use, or eoming into use, is tin; result of our best endeavours to 
accomplish this purjiosc, and nqueseiits Avhat approach we have 
luiide to this end. It is one of the great corollaries of that theorem 
of Evolution Avdiich most naturalists arc satisfied has been demon- 
stiuted. It is necessarily a 

Morphological Classification ; that is, one based solely upon 
consideration of structure or form niorph(\ form) ; and for 

the following reasons : fbeiy offspi-ing tends to take on precis(‘ly 
the structure or form t>f its jiarents, as its natural physical heritage ; 
and the principle involved, or the law of licrcditjj, would, if nothing 
interfered, keep the dc'seendants perfectly true to the })liysical 
characters of their progenitors ; they Avould “ lirecd true ’’ and be 
exactly alike. But counter-influences are incessantly operative, in 
consequence of constantly varying external conditions of environ- 
oient ; the plasticity of organisation of all creatures rendering them 
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more or l(!.ss susccptil>l (3 of modification liy such means, tliey become 
unlike their anecistors in various Avays and to (litlercnt degrees. On 
a large scahi is thus accomplishctl, by mtlural selection and other 
natural agencies, just Avliat man do(*s in a small Avay in producing 
and maintaining dillercnt bre(*ds of domestic animals. Obviously, 
amidst su(;h ceasch^ssly shifting scenes, degrees of likeness or unlikc- 
n(!ss of pliysical structure indicate with tlie greatest exactitude the 
m'.ai’iu'ss or rmnotmiess of organisms in kinship. ]\Ior])hological 
clianict(ns (l(aiv(‘d from (‘xamination of structure arc therefore tlie 
surest guides Ave can liave to the blood-relationshi2)S Ave desire to 
estalilisli ; and sucli r(dationships are the natural affinith'S Avhich 
all classilication aims to discover and formulate. As already said, 
taxonomy c»)iisists in tracing p<*digrees, and constructing the jiliiihuii : 
it is lik(‘. tracing any hxif or twig of a. tree to its branchlet, this to 
its hoiigli, tin's again to its trunk or main st('m. Tln^ studemt Avill 
]’ea,dily ])erceivo, fiom Avhat has been said, the ini})ossibility of 
naturally airanging any considerable number of birds in any linear 
series of grou])s, om^ after the other. To do so means nothing more 
or less than the nundianical n(!C(‘ssity of book-making, Avhere groups 
haA'e to succ(‘(‘d oikj another, in Avriting page aftiu* page. Some 
groups Avill follow naturally ; others Avill not ; no connected chain 
is ])ossil)l(‘, because no such singl(5 continuous sm’ies exists in nature. 
In cataloguing, oi‘ otherwise arranging a series of birds for descrip- 
tion, we sim[)ly begin Avith the high<‘st — or lowest, if avo prefer — 
groups, and make our juxta[)ositions as Avell as avi‘, can, in order to 
liaAai the fewest breaks in the s(ui(!s. 

Morphology l)eing the, safest, indeed the only safe, clue to 
natural affinities, and th(‘ key t(» all rational classification, the 
student cannot too carefully consider Avhat is meant by this term, 
or too sedulously guard against misinterpreting morphological char- 
a,cters, and so turning the loy the Avroii^ ^^'oy. d'hc chief difficulty 
he Avill (Miconnter comes from ‘pinfsioloijical oda [Aitllons of sfruchirc ; 
and this is something that must he thoroughly understood. The 
expression means tliat birds, or any animals, Avidely dilferent iu tlie 
sum of their morpliological characlei’s, may ]ia,vc eertain parts of 
their organisation modilied in the same Avay, thus bringing about a, 
seemingly close rosemhlance hetAvceii oiganisms really little related 
to each other. For cxam])le : a ])halaro])e, a coot, and a grclic, all 
liave lohato feet ; that is, their fei^t are fitted for swimming purjioscs 
in the same Avay, nanudy, by development of haps or lobes on the 
toes. A striking hut Aery superficial and therefore unimportant 
resemblance in a certain particular exists betAvecii these birds, on 
the strength of Avhicli they used to he classed together in a groui> 
called Plnnaivpedes, or “fin-footed’’ birds. .But, on sufficient ex- 
amination, these three liirds are found to he very unlike in othca' 
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respects ; the sum of their unlikcnesscs requires us to separate 
them quite widely in any natural system. Tlie j>roui) .Pmnaii/x’tks 
is therefore unnatural, and the appearance of allinity is proved to 
he deceptive. Such resemldaiice in the condition of the feet is 
simply functional, or physiological, and is not corrcs])ondent with 
structural or morphological I'elationships. Tlu^ relation, in short, 
between these three birds is mialogkal ; it is an inexact su})erlicial 
resemblance between things profoundly unlike, and therefore liaving 
little homological or exact n^lationship. Analogg is the apparent 
I’esemblance bidwcen things really ludike, — as tlie wing of a bird 
and the wing of a buttertly, as the lungs of a bird and the gills of 
a fish. JEontologg is tlui real rescmiblance or true relation bctw(?en 
tilings, however dillerent they may appear to be, — as the wing of 
a bird and the foreleg of a horse, the lungs of a bird and the swim- 
bladder of a fish. The former commoidy rests upon nuire func- 
tional, l.e. idiysiological, modifications ; the latter is grounded U])on 
structural, i.c. morphological, identity or unity. i\nalogy is the 
correlative of physiology, homology of moiphology ; but the two 
may be coincident, as when structures identical in mor[)hology are 
used for the same purposes and arc therefore j)hysiologically identi- 
cal. Physiological div(‘rsity of structure is incessant, and continually 
interferes with morphological identity of structure, to obscure or 
obliterate the indications of allinity the lattcu* would otherwise 
exjiress clearly. It is obvious that birds might ho classified ])hysio- 
logically, according to tluu'r a(hq)tive modilications ' or analogical 
I’esemblances, just as readily as upon any other basis : foi' example, 
into those that ])crch, those that walk, those that SAvim, etc. ; and, 
in fact, most early classifications lavg<dy rested upon such considera- 
tions. Tt is also evident, that when functional modifications happen 
to be coinciilrnt Avith structural aflinities,-— as Avhen the turning of 
the loAVcr larynx into annusic-box coincid(‘s Avith a. cm’tain ty])e of 
structui'c, — such modifications are of the greatc'st service in classi- 
fication, as corroborative evidence. Ilut since all sound taxonomy 
rests on moiqihology, on real structural allinity, w^e must be on our 
guard against those physiological “aj)pearanc(\s ” Avliitdi ani ])ro- 
verbially “deceptive.’^ I trust I make the principle clear to the 
student. Its practical a])])licatioii is anothei* matter, only to be 
learned in the school of experience. This matter of 

Homology or Analogy may be thus summed : Birds are 
homologkall g related^ or naturally allied or affined, according to the 
sum of like structural characters em])l()ycd for similar pinposes ; 
they are analogically related, only according to the sum of unlike 
characters employed for similar purposes. A loon and ta cormorant, 
for instance, arc closely affined, because they are both fitted in the 
same way for the pursuit of their prey by flying under Avater. A 



104 


GENERAL ORNITHOLOGY 


PART II 


dipper (family Cinclida') and a loon (family ColymUdm) are analogous, 
in so far as Loth are fitted to pursue their prey hy flying under 
water ; Init they stand near opposite extremes of the ornithological 
system ; tln^y have little affinity lieyond their common birdhood — 
very diflea-ent structure being modified to attain the same end. So 
.again, conversely, the crow has vocal organs almost identical in 
stnictuic with tlioso of the nightingale, and the organisation of the 
two birds is in otli(*r respects very similar; their affinity or 
homology is therefore close, though the crow is a hoarse croaker, the 
nightingale an im[)assioned musician. 

The Reason why Morphological Classification is so important 
as to justify or even re<iuire its adojition has been very clearly 
stated by Huxley, whose words 1 cannot do better than (piote 
in tin’s connection. S|)caking of animals, not as physiological 
app:ir:itus((s merely ; not as related to other forms of life ami to 
clinialal conditions; not as successive tenants of the earth; but as 
fabrics, each ^f which is built upon a certain plan, he continues : 
‘^It is ])ossible and conceivable Unit every animal should have been 
constructed u[)on a 2)lan of its OAvn, having no resemblance whatevcu’ 
to the [)lan of any other animal. For .any reason wo can discover 
to the contrary, that combination of natural for(;cs which we term 
Tjife niiglit have resulted from, or been manifested by, a scries of 
infinitely divau’se stiaictures ; nor would anything in tlie nature of 
the case h'ad us to susp(‘ct a community of organisation between 
animals so dillerent in habit and in a})j)earancc as a porpoise and .a 
gazelle, a,n eagle and a crocodile, or a butterfly and a lobster. Had 
aiiimals been thus independently oj-ganised, each working out its 
life l)y a nieclianism peculiar to itself, such a classification as that 
now umhir contemplation would be obviously impossil>le ; a mori>lio- 
logical or structural classification plainly 'implying morphological or 
structural resemlflanccs in the things classified. 

“As a. matt(‘r of fact, liowever, no such mutual independence of 
animal forms exists in nature. On the contrary, the members of the 
animal kingdom, from the higliest to the lowest, are marvellously 
connected. Lvery animal has something in common with .all its 
fellows ; much, with many of them ; more, with a few ; and usually, 
so much Avith several, that it difl'ers but little from them. 

^OAA', a nior})hologie.al classification is a statement of these 
gradations of likeness Avdn’ch are observable in animal structures, and 
its objects and uses are manifold. In the first place, it strives to 
throAv our knoAvlcdgc of the facts Avhich underlie, and ai‘c the cause 
of, the similarities disciuned, into the fcAvcst iiossible general 
piopositions, subordinated to one another, according to their 
reatcr or less degree of generality ; .and in this way it answers the 
purpose of a inemoria iechnica, AAuthout which the mind would be 
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incompetent to gras]) and retain the multifarious details of anatomical 
science. 

“But there is a second and even more important aspect of 
morphological classification. Every group in that classification is 
such in virtue of certain structural characters, which are not only 
common to the members of the group, but distinguish it from all 
others ; and the statement of these constitutes the definition of the 
group. 

“Thus, among animals witli vcrtclirne, the class Mammalia is 
definable as tliose which have two occipital condyles, with a well- 
ossified basi- occipital ; which have each ramus of the mandible 
composed of a single piece of bone and articulated with the 
squamosal element of the skull ; and Avhicli possess niamime and 
non-nucleated red blood-corpuscles. 

“But this statement of the characters of tin*, class Mammalia 
is sometliing more than an arbitrary definition, it docs not merely 
mean that naturalists agree to call sucli and su(;h animal MaminaUa; 
but it ex[)resscs, firstly, a, geneiulisation based iijion, and constantly 
verified by, veiy wide experience; and, S(!condly, a belief arising 
out of that generalisation. Tlu^ gimeralisation is that, in nature, 
the structures mentioned an^ always found associat'd togcqJier ; the 
belief is tluit they always liavc been, and always will be, found 
so associated. In other words, the definition of the class ]\[ammalia 
is a statement of a law of coirelation, or coexistence, of animal 
structures, from which the most impoi tant conclusions are deducible ” 
(Iiitrod. to Claasif. of uiiumal^, 8vo, London, 18(59, pj). 2, ‘3). 

But broad as such laws of correlation of stiuctnre aie, and 
important as arc the conclusions deducible, we must constantly be 
on our gujird against ])resuniing ujion the infallibility either of the 
data or of the deduction, as tlie author just quoted goes on to show. 
Such caution is s])ecj’ally inquired wliei*(^ there is no obvious reason 
for the particular combination that may lie found to exist. In the 
case of the ostrich-like birds for example, we can understand 

how a fiat, unkecled breast-bone, a particular ari angcment of the 
shoidder- bones, and a rudimentary state of tlu^ wing -bones, are 
found in combination, because all these modifications of structure 
are evidently related to loss of the power of flight ; and, in iioint 
of fact, no exception is known to the generalisation, tliat such 
conditions of the sternal, coraco-scapular, and humeral bones always 
coexist. Lut in all known struthious (ratite) birds, this state of 
the bones in mention coexists also with a peculiar modification of 
the bones of the palate, and no necessary connection betAveen these 
two sets of diverse characters is conceivable. Now, if we only 
hnew struthious birds, and found the comhination in mention to 
hold Avith them all, Av^e should doubtless declare oiir belief that any 
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bird having .such palatal characters would also bo found to possess 
such imperfect wing-apparatus. Hut this would l)e going too far : 
in fact, Ave know tliat the tinamous {Dromwofjnatluv) have such a 
])alate, yet liave a keeled stornuiu and functionally developed Avings. 
TJic real use and iiroper application of such generalisations is to 
teach the lesson, tliiit creatures exhibiting such modified combina- 
tions of chai'act.ei-s ai-e gmietically related to each other just in the 
d(5gr(;(; to Avlii<*h they jiossess characters in common, and are 
genetically remote from ea(‘h otlun* in tlu; degree to Avhich they do 
not posse.ss cliaract(‘rs in common: i.e. that their similarities and 
distinctions of sti ncture ai*e sure indexes of their natural affinities. 
To take another case, (hnaved from consideration of a large number 
of existing biids : it is an observed fact, that a [larticular arrange- 
ment of the ]dates upon the back of the tarsus, a peculiar modifica- 
tion of tlu‘- low('r laiynx or Aa)ic(‘. organ, and an undcAxloped or 
abortive condition of the first large feather on the hand, are found 
associat(‘d ini a vast scries of birds, constituting the group of Passnes 
calk'd (hrinrs. \Vhat ])ossible connection tlujri^ can be betAA’cen 
thesis three sepai’ate a,nd aiiparentl}" indejicndent modifications avc 
cannot even surmise ; but that they luiA'e some natural and necessary 
connection we cannot doubt, and that the connection is causal, not 
foi'tuitons, is a logical inbirence from the observiul fact, tint birds 
Avhich ])resent this paiiicular combination arc also closely related in 
other structural chai’anters ; that is, that they have all been 
sulijected to operative iidhumces Avh'ich IniAUi conspired to produce 
the modifications observed. (Imm, then, a bird, Avith a knoAvn 
oscine hirynx, but unknown as to its feet and Avings, it Avould be 
a rea.sonahle inl’t'n'ncc^ that these nnnnbeis, Avhen discoA^cred, Avould 
prc'Sent the cliaracH'is observed to occur in like cases. Hut the first 
lark {AlaudUhv) examined Avould shoAV the inference to be fallible ; 
for the tarsus of such a bird is difi'en'nt'iy disjioscd, though a lark 
has an elaborate singing apparatus, and only nine insti'ad of ten 
deAU'lo])iHl primaries. (,)nce more : the development of a keeled 
sternum, a ju'culiai’ saddle-shajie of certain A^citebrm, and lack of 
true teeth, are charactei's coexisting in all the higher birds ; and, 
as far as these birds are concerned, Ave have no hint that such a 
combination is ever broken. In fact, liowover, the singular Ci*eta- 
ceous hJitJi //orjiis shoAA\s us a pattern of bird in Avhich a Avell-kceled 
sternum and perfectly formed wings coi^xist Avitli teeth in reptile- 
like jaAA^s and Avith lish-like biconcaA^e vertebne. What avc learn 
from this case indeed breaks doAvn one of the most iirecise detini- 
tions we might have made (and indetal did make) respecting birds 
at large ; but in its failure avc arc taught hoAV gr(?at is the modifica- 
tion of geologically recent birds from their pidmitivc generalised 
ancestry ; avc learn something likcAvise of the stops of such 
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moclificjition, and of tlic length of time reiiuired for tlio process. 
It is the history of attempts to frame definitions of groiqis in 
zoology, that they are all liable to be negatived by new discoveries, 
and therefore to lie broken down and require remodelling as our 
knowledge increa.s(^s. It is to be readily perceived that the 
aliility to draw distinctions and make dehnitions of groups is as 
much the {juniie of our vjnonnice as the test of our knowledge ; for 
all groups, like all species, come to be sindi by modification so 
gradual, so slight in (aich successive increment of difference, that, if 
all the steps of the ])rocess were before 0111“ eyes, Ave should be able 
to limit no groups Avlaitever in a positive, un([uali(ied manner. All 
Avould merge iiisensildy into one another, be inseparably linked in 
as many series as there have been actual lines of evolutionary 
jirogress, and finally converge to the one or few starting-points of 
organised lun'ngs, 

IVactically, however, the case is quite the reverse, — happily for 
the comfort of the Avorking naturalist, however sadly the [diilosopher 
may de])loro the ignoiance implied. l)(‘greos of likeness and 
uidikcness do exist, which Avheu rightly inU'rpreted enable us to 
mark oti’ groups of all grades Avith much facHity and jirecision, and 
thus erect a morjdiological classification which recognises and (hdines 
such degrees, and (Explains tlnun upon the principles of Evolution. 
The Avay in Avhich the [irineiples of such chissilication arc to be 
practically apjdied gives occasion for some further remarks iqion 

Zoological Characters. — A ‘‘character,’' in zoological language, 
is any })oiut of structure Avliich may be perceived aud described for. 
the purpose of comparing or coiilrastiiig animals Avith one another. 
Thus, the conditions of the steriiuni, palate, tarsus, huyiix, as 
noted ill jireceding paragraphs, are each of them eliaracters 
Avhich may lie usi*d in deserihiiig individual birds, or in framing 
dehnitions of groiqis of birds. Morphological characters, Avith 
wliieh the elassifieaXion Ave liaA'e adopted alone eoneeriis itself, may 
be derived from the structure of a, lurd considered in any of its 
relations, or as aUected by any of the conditions to Avhich it is 
subjected. Thus enihr)jo]o(ju'(d eliaraetiu’s are those afforded by the 
binl during the progress of its develojimeiit in the egg, from the 
almost structureless germ to the fully formed chick. Such 
characters of the ciuluyo in its successive stage's arc of the utmost 
sigiiiHeaiicc ; for it is a fact that the germ of each of the higher 
organisms goes through a series of developmental changes Avhich, 
at each succeeding stej) in the unfolding of its approjuiatc ])lau ol 
Htructure, causes it to j’osomblc the adult state of animals lower 
than itself in the scale of organisation. In lint^, the history of the 
evolution of every induuludl bird c[)itomises the history of those 
changes which birds collectively have undergone in becoming Avhat 
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they arc by modified descent from lower organisms. Such transitory 
stages of any ernbiyo, therefore, give ns glimpses of those evolu- 
tionary processes wliich have affected the group to which it belongs. 
Any bird, for exainjile, when a germ, is at first on the plane of 
organisation of the \(iiy lowest known creatures, — one of the 
or single-celled animals. As its germ develops, and its 
structure bcconies moi’e complicated by the formation of parts and 
orgaais successively dilferentiated and siiecialiscd, it rises higher 
and liiglier in tlie scale of being. At a certain stage very early 
rcjiched (for the steps by which it becomes like any invertelirate are 
very spticdily passed over) it res(‘mbh‘s a fish in possessing gill-like 
slits, several :ioi‘tic arches, no true kidneys, no amnion, etc. Further 
advanced, losing its gills, gaining kidneys and amnion, etc., it rises 
to tlui dignity of a reptile, and at this stage it is more like a 
I'eptile than like a bird ; having, for example, a number of sejiarate 
bones of the wrist and ankle, no feathers, etc. The assumption of 
its own approfiiiate characters, \j>. thosci hy which it ])assos from a 
reptilian crc^atiire to become a bird, is always the 1a,st stage reached. 
\V(; can tlius actually sec and note, inside a,ny egg-shell, exactly 
those ])r()gressive stops of (levolojmicnt of the imlividual bird which 
we believe to luive lieiui taken on a grand scale in nature for the 
evolution of the (‘lass ./ms* f]*om lower forms of life ; and the lesson 
learned is fraught with significance. It is nothing loss than the 
demonsti'atioii in onhKjonfi (genesis of th(‘- individual) of that 
phi/lofRiuf (genesis of tlie race) hy Avliich groujis of cr{*atures come 
to he. Tlu‘> interior of any adult bird, again, furnishes us with all 
kinds of ordinaiy (mafonural characters, derived from the way we 
])erc;eive the dillercmt (-)rga,us and systems of organs to he fashioned 
in themselves, and arraugcMl with rebu’encaj to one anotluir. 'Jlie 
finishing of the outward ])arts of a bird giv^es us the ordinary 
e.di'nhd charactei-s, in the way in which the skin and its appendages 
are iiKjdified to form tin; covering of the hill and feet, and to fashion 
all kinds of feathers. Jlirds being of o])posite sexes, and such 
dillerenco being not only indicated in the essential sexual organs, 
Init usually also in modifications in size or sha])e of the body or 
quality ot the })lumage and otlier outgroAvths, a set of i<(\nial 
cliaractcrs ari; at onr s(;rvice. Birds are also sensibly modified in 
their outward details of featlnn-ing by times of the year when the 
plumage is changed, and this venders ajqwcciatiim of seu-wnal 
characters })ossil)le. All such circumstances, and others that could 
he mentioned, such as effects of climate, of (lomcstica-tion, etc., in so 
far as th(;y in any way atfect the structure of birds, conspire to 
produce zoological characters, as these are above defined. Such 
characters, according as they result from more or less profound 
impressions made upon the organism, are of more or less value ’’ 
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in taxonomy ; being of all grades, from the trivial ones that serve 
to distinguish the nearest related species or varieties, to the 
fundamental ones tliat serve to mark oft* primary divisions. Thus 
the “character” of possessing a backbone is common to all animals 
of an immense series called Vertohrata, The “ character ” of feathers 
is common to all the class Ares ; of toothless jaws to all modern 
birds; of a keeled sternum to all the sub-class Cdrinatm ; of feet 
fitted for perching to all the order Passeres ; of a musical apjiaratus 
to all the sub-order Oscines ; of nine primaries to all the family 
FritKjiJlidee ; of crossed mandibles to all of the genus JjO.ria ; of 
white bands on the wings to all of the spi'cies Lo.rjff, /eucojdera. 
There is thus seen a sliding scale of valuation of characters, from 
those involving the most profound or inimliire modiftcations of 
structure to those resting u})on the most sipierficial or nlfiinafe 
impressions. It will also be obv ious that every ulterior modifica- 
tion presupposes inclusion of all the prior ones ; for a white- 
winged crossbill, to bo itself, must be a loxian, fringilline, oscine, 
passerine, carinate, modern, avian, vertebrated animal. The more 
characters, of all grades, that any birds share in common, the more 
closely are they related, and con^'orsely. Obviously, the possession 
of mon^ or fewer characters in common results in 

Degrees of Likeness. — W'ere all birds alike, or did they all 
differ by the same characters to the same degrc(‘, no classification 
would be possible. It is a matter of fact that they do exhibit all 
degrees of likeness ])ossiblc within the limits of their Avian nature ; 
it is a naitter of belief that these degrees are thi? necessary result of 
Evolution — of descent wTtli modification from a common ancestry ; 
and that, being dependent upon that procc'ss, they are capable of 
explaining it if rightly interpreted. For example: Two white- 
winged crossbills, hatched in the same nest, scarcely difter percep- 
tibly (except in sexual diaiacters) from each otlnu*, and from the 
pair that laid the eggs. call them “specifically” identical: 

and the sum of the differences by which they are distinguished 
from any other kinds of crossbills is their “ specific character.” All 
the individual crossbills Avhich exhibit this jiarticular sum consti- 
tute a “ species.” In this case, the genetic relationship of offspring 
and parent is unquestionable — it is an obsei ved fact. Noav turn 
to the extremely o])posite case. The diiference between our cross- 
bills and the Cretaceous Jehthi/oniis h enormous: I suppose it is 
nearly the greatest known to subsist between any two birds what- 
soever. But the IcJifJu/o'niis and the Loxia are also sejiarated by 
a corresponding!}^ immense interval of fme^ and presumably by 
correspondingly enormous differences in conditions of environment — 
in their physical surroundings. It is a logical inference that these 
two things — difference in physical structure and difference in 
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physiciil cuviroTiinciit — iint in some way correlated and co-ordinated, 
if we presnmo, upon tlie theory of evolution, tliat, despite the great 
(liderence, a crossliill is genetically related to some such bird as an 
frjdhyornis, as truly as it is to its actual parents, only much more 
remotely, and that the diirerenco is due to modilica,tions impressed 
u[)on its stock in the course of time, conformably with changing 
conditions of environment, we shall have a better explanation of 
the (lifrerciice than any other as yet oflered — an explanation, more- 
over, which is corroboiat(*d l,)y all the related facts wo know, and 
with which no known fa.cts are irreconcilable. But to correctly 
gauge and fornudate the degrees of likeness or unlikencss between 
any two liirds is to eniTcctly “classify” them; and if these degrees 
rest, as we luilievc tliey do, ujion nearness or remoteness of genetic 
i‘(jla.tionship, classihcation upon such basis becomes the truest 
attainal)lc formulation of “ natural allinities.” Tt is the province of 
mor[)hological classihcation to seai-ch out those natural allinities 
which tin; structure of birds indicates, and express them by divid- 
ing ])irds into groups, a.nd subdividing those into other groups, of 
greater or lessei* value or grade, according to the fewer or more 
characters shared in common, — that is, according to. degrees of like- 
ness; that is, again, according to genealogical relationship or con- 
sanguinity. 

Zoolog’ieal Groups. — To carry any scheme of classihcation into 
practical effect, naturalists have found it necessaiy to invent and apply 
a systimi of grouj)ing objects wluu’cby tln^ like may come togetlnu* and 
]m separated from the unlike. They have also found it expedient to 
give nam(‘S to all these gi‘oui)s, of Avhatever grade, such as dnsi<, 
order, /(nnili/, (jeitKs, speder, etc. ; and to stain}) each such grou}> with 
the value of its grade, or its relative rank in the scale, so that 
it may become currency among naturalists. The student must 
observe, in the first })lace, that the valud of each such coinage is 
wholly arbitrary, until sanctioned and fixed by common consent. 
The term “ class,” for exami)lc, simply indicates that naturalists 
agree to use that word to designate a conventional group of a 
particular grade or value. ]ndis})ensablc as is some such acce})table 
medium of exchange of ideas among natu]*alists, their groups are 
not fixed, have tot natural value, and in fact have no actual exist- 
ence in the treasury of Nature. It cannot be too strongly impressed 
U})on tlie student that Nature makes no bounds, — Nat urn non fadt 
s(dfi(s ; there are no such abru])t transitions in the unfolding of 
Nature’s plan, no such breaks in the chain of being, as he would be 
led to sup})()se by our mc^thod of defining and naming groups. He 
must consider the words “ class,” “ order,” etc., as wholly arbitrary 
terms, invented and designed to express our ideas of the relations 
which subsist between any animals or sets of animals. Thus, for 
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example, by the term the “ Class of Birds ’’ we signify simply the 
hind and degree of likeness which all birds share, such being also 
the kind and degree of tiieir unlikeness from any other animals ; 
the Avord “ class ” being simply the name or handle of the general- 
isation Ave make res])ecting their relations Avith one another and 
Avith other animals ; it repia^sents an abstract idea, is the ex])ression 
of a relation. True, all bird^^ emJmhj the idea ; but “ class ’’ is 
nevertheless an abstraction. Now, as intimated earlier in this 
essay, the definition of the idea Ave attach to the term — the limita- 
tion of the class iltrs — depends entirely upon hoAv much Ave knoAv 
of the relation intended to be exjiressed. it so happens that no 
animals are knoAvn Avhich cannot be decided to belong, or not to 
belong, to the conventional class of birds, because Ave have found it 
convenient and exjicdiimt to consider the presences of feathers a fair 
criterion or necessary <|uali(ication. But Avhat, when an animal is 
discovereMl the covering of Avhose body is half-way between the 
scales of a lizard and the plumes of a bird, and whos^ structure is 
otherAvise as e(iuivocal 1 Tliis may liappen any day. A feather is 
certainly a modified scal(‘ ; a fcatluT lias doubtless boon develo])C(l 
out of a scale. In the ease supposed, Ave should have to modify our 
definition of the “Class of Birds”; that is, (diange our ideas upon 
the suliject, and alter tlu; boundary-line we cstalilished between the 
classes of birds and reptiles; whereas, Avere a. “ class ” something 
naturally definite, independent, and fixed, all tliat Ave could learn 
about it Avould only temd to establish it more siiiely. The same 
obscurity ‘and uncertainty of definition attaches to groups of every 
grade — from the Animal “ Kingdom ” itself, Avhich cannot be cut 
clear of the Vegetable “Kingdom” — down through classes, orders, 
fa,milies, genera, species, and varieties — yes, to the Individanl itself, 
Avhich, however unmistakable among higher organisms, cannot ahvays 
be predicated of the loAviVmost forms of Life. Such divisions, of 
ANdiatcver grade, as Ave are able to establish for the purposes of 
classification, de])cnd entirely upon the breaks and defects in our 
knowledge. There is no such thing as draAving hard-and-fast 
lines anyA\diere, for none such exist in Nature. 

Taxonomic Equivalence of Groups. — But, however arbitrary 
they may be, or however obscure or fluctuating may be their 
boundaries, groups Ave must have in zoology, and grou[)s of dilferent 
grades, to express difierent degrees of likeness of the objects 
examined, and so to classify them. It is a great convenience, 
moreover, to have a recognised sliding-scale of valuation of groups 
from the highest to the loAvest, and an accejited valuation. Just as 
m a thermometric scale, there are degrees designated as those of 
the boiling-point of water, the heat of the blood, the freezing of 
Water, of mercury, etc.; so there are certain degrees of likeness 



II2 


CENENA/. ORNITHOLOGy 


PART II 


coiivcntioTKilly designated as tliose of ordei\ family, genus, and 
s]>cdes; always accejited in the order here given, from higher to 
lower groups. (Tliei'o are various others, and es[)eeially a nuinlier 
Qf intermediate groups, generally distinguished by the prefix 61/ as 
snh-f(unil}i ; but thosij here given a.r(^ generally adopted by English- 
siieaking naturalists, and sufiice to illustrate tlic point 1 wish to 
make.) It may sound like a truism to say that groups of the same 
grade, bearing the sanui name, Avliatever that may be, must be of 
the same value, — must based u])on and ilistinguished by charac- 
ters of (xpial or erpiivalcnt importance. Efyiiralriire of groui)s is 
necessary to the stability and liarmony of any classificatory system. 
It will not do to frain/i an order upon one set of characters here, 
and th(;re a family upon a similar set of characters ; but order must 
dilicr from older, and fainily from family, by an equal or corre- 
sjionding amount of dilferencc. Let a giouj) called a family difier as 
much from the other families in its own order as it does from some 
other ordei', mid by this very circumstance it is not a lamily but an 
ord(!r itself. It seems a veiy simple proposition, but it is too often 
ignored, and always with practical ill r(‘sult. dhvo points should be 
remembi'red here : First, that absolute size or numerical bulk of a 
grou]) has nothing to do with its taxonomic value : one order may 
contain a thousand s[)ccies, and another lie represented by a single 
species, without having its ordinal valuation affected thcreliy. 
Secondly, a,ny given character may assume different importance, or 
be of (lilferent value, in its application to diflerent groups. Idius, 
the number of primaries, Avhetlier nine or ten, is a family charac- 
ter almost throughout Osrines; l)ut in one oscine family {Fireoiilda) 
it has scarcely generic value. It is difficult, however, to determine 
such a point as this without long experience. Nor is it possible, in 
fact, to make our groups correspond in value Avith entire exactitude. 
Th(‘, most AV(; can ho])e for is a reasonable •approximation. As in the 
th(U’niometric simile above given, ‘djlood-lieat ” and other points 
fluctuate, so does order not ahvays correspond Avith order, nor 
faniily Avith family, in actual significance. What degree of differ- 
ence shall be “ ordinal” ? What shall be a <lifferencc of “family”? 
What shall be “generic” and Avhat “ specific ” differences ? Such 
(piestions are more easily asked than answered. They demand 
critical consideration. 

Valuation of Characters. — In a general Avay, of course, the 
greater the difference between any tAA^o objects, the more “ import- 
ant” or “fundamental” are the “characters” by Avhich they are 
distinguished. Ihit Avhat makes a character “important” or the 
reverse ? Obviously, Avhat it signifies represents its imiiortance. 
We are classifying morphologically, and upon the theory of Evolu- 
tion ; and in such a system a character is important or the reverse. 
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simply as an exponent of the principles, or an illustration of the 
facts, of evolutionary processes of Nature, according to the unfold- 
ing of whose plans of animal fabrics the whole structure of living 
beings has been built up. Why is the })Ossession of a backbone 
such a fundamental character that it is used to establish one of 
the primary branches of the animal kingdom '? It is not because so 
many millions of creatures possess it, but because it was introduced 
so early in the evolutionary process, and because its introduction led 
to the most profound modification of the whole structure of the 
animals which became possessed of a vertebral column. Why is 
the possession by a bird of liiconcave vertebrae so significant ] Not 
because all modern birds have saddle-shaped vert(?brie, Init because 
to have biconcave vertebra) is to be ([Voad hoc fish-like. AVhy is pre- 
sence or absence of teeth so important % Not that teeth served 
those old birds better than a horny beak serves modern ones, but 
because teeth are a reptilian character. Obviously, to be fish-like 
or reptile-like is to bo by so much unbirdlike ; the degvee of dilfer- 
ence thus indicated is enormous ; and a character tint indicates such 
degree of ditference is proportionally “important” or “ fuiKhumuital,” 
— just what we were after. By knowledge of facts like these, and 
by the same process of reasoning, a naturalist of tact, sagacity, and 
experience is able to put a pi’ctty fair valuation upon any given 
character ; he accpiircs the faculty of perceiving its significance, and 
according to what it signifies does it posse.ss for him its taxonomic 
importance. As a matter of fact, it seems that characters of all 
sorts are to be estimated chronolor/icallij. hor, if animals Inve come 
to be what they are by any process that took time to bo accom- 
plished, the characters earliest estaldishcd arc likely to be the most 
fundamental ones, u])on tlie introduction of which the most import- 
ant train of consequences ensue. Feathers, for example, as the 
ArcluvoiAcryic teaches us, u^re in full bloom in the »rurassic period, 
and they are still the most characteristic possession of biids : all 
birds have them ; tluiy are a class character. If they had been 
taken on (juite recently, we may infer that many creatures otherwise 
entirely avian might not possess them, and they would have in 
classification less significance than that now rightly attributed 
to them. On the other hand, we cannot suppose that the finishing 
touches, by which, in the presence of Avhite bands on the wings of 
Loxht leiicoptcrd^ and their absence in Lo.cht curvirostra^ these two 
“species” arc distinguished, were not very lately given to these 
birds. It is a very late step in the process, and correspondingly in- 
significant ; it is of that value or importance which Ave call “specific.” 
The same method of reasoning is available for determining the 
value of any character Avhatever, and so of estimating the grade of 
the group which we establish upon such character. As a rule, 

T 
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therefore, the length of time a character has been in existence, and 
its taxonomic value, are correlated, and each is the exponent of the 
other. 

“ Types of Stpueture.” — In no department of natural history 
has the late revolution in ]>iological thought been more effective 
than in remodelling, ])i esumably for the better, the ideas underlying 
classification. In earlier days, when “ species ” were supposed to be 
independent creations, it was natural and almost inevitable to 
regard them as fixed facts in nature. A species was' as actual and 
tangible as an individual, and tiie notion was, that, given any two 
specimens, it should be perfectly possible to decide whether they 
were of the same or didci-ent s])ecies, accoi’ding to whether or not 
they answered the ‘‘ specific characters ” laid down for them. The 
same fancy vitiated all ideas upon the subject of genera, families, 
and higher grou[)S. A “genus” was to be discovnu’ed in nature, 
jnst like a sjiccies : to be named and defined. Then species that 
answered th^j definition were “typical”; those that did not do so 
Avell Avcrc “ sub*t3q)ical ” ; those that did worse W(‘re “ aberrant.” A 
good deal was said of “ typ(‘s of structure,” much as if living crea- 
tures were originally run into moulds, like casting type-metal, to 
receive some indelible stamj) ; while — to carry out my simile — it 
was su])posed that by looking at some particular aspect of such an 
animal, as at the face of a printer’s ty})e, it could be determined in 
what box in the case the ci-eatiu’e should be put ; the boxes them- 
selves being su])])osed to be arranged by ^Nature in some particular 
way to make them lit perfectly alongside each other by threes or 
fives, or in stars and circles, or what not. I low much ingenuity 
was wasted in striving to put together such a Chinese puzzle as 
these fancies made of Nature’s processes and results, I need not 
say ; sutlice it, that such views have become extinct, by the method 
of natural selection, and others, apparently better fitted to survive, 
are now in the struggle for existence. Kightly appreciated, hoAV- 
cver, the expression which heads this paragraph is a proper one. 
Tliere are numberless “ types of structure.” It is perfectly proper 
to speak of the “ vertebrate ty[)e,” meaning thereby the Avhole plan 
of organisation of any vertebrate, if we clearl}" understand that such 
a ty])e is not an independent or original model con formal) I3" Avith 
Avhich all backboned animals Avere se])arately created, but that it is 
one modification of some more general plan of organisation, the un- 
folding of Avhich may or did result in other besides vertebrated 
animals ; and that the successive modifications of the vertebrate 
plan resulted in other forms, e(iually to be regarded as “tyjies,’’ as 
the reptilian, the avian, the mammalian. Upon this understanding, 
a group of any grade in the animal kingdom is a “ type of struc- 
ture,” of more general or more special significance, presumably 
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according to the longer or shorter time it has been in existence. 
An individual specimen is “ typical ” of a species, a species is 
“ typical ’’ of a genus, etc., if it has not had time enough to be 
modified away from the characters which such species or genus 
expresses. Any set of individuals, that is, any progeny, wliich 
become modified to a degree from their progenitors, introduce a new 
tjq^e ; and continually increasing modification makes such a type 
specific, generic, and so on, in succession of time. Tluue must have 
been a time, for example, when the Avian and lte[)tilian “types” 
])egan to diverge from each other, or, I’ather, to branch apart from 
their common ancestry. In the initial step of their divergence, 
when their respective types were beginning to be formed, the difter- 
eiice may have been infinitesimal. A little farther along, the incre- 
ment of difference became, let us sa}^, eipiivalent to that which serves 
to distinguish two species. Wider and wider divergence increased 
tlie dificrence, till genera, families, ordeis, and finall}^ the classes 
of lleptUm and became established. In one sense, therefore, — 
and it is the usual sense of tin*- term, — the “ty[)e” of a bird is that 
one wliich is farthest reiaoved from the reptilian type, — which is most 
highly specialised by differentiation to the last degree from the char- 
acters of its primitive ancestors. One of the Osrines, as a thrush or 
sparrow, would answer to such a type, having lost the low, primi- 
tive, generalised structure of its early ])rogenitors, and acquired very 
S[)ecial characters of its own, representing the extreme modification 
which the stock whence it sprang has undergone. In a broader 
sense, however, the type of a bird is simply the stock from which it 
originated : and in such sense the highest birds are the least typical, 
being the farthest removed and the most modified derivatives of 
such stock, the characters of which are conscijuently remodelled and 
obscured to the last degree. Two opposite ideas have evidently 
been confused in the use of* the Avord “ Type.” They may be dis- 
tinguished by inventing the word telcotype (Gr. reAcos', telcos, final, 
i.c. accomplished or determined ; formed like tclcoliKH/, etc.) in the 
usual sense of the Avord type; and using the avoitI Ave already 
possess, prototype (Gr. jo'otos, first, leading, determining), in 

the broader sense of the earlier idaii Avhence any teleotyiie has been 
derived by modification. Thus, iehthyornis or A rchavpfery.c is proto- 
typic of modern birds, any of Avhich are teleotypic of their ancestors. 
It may be further observed that any form Avhich is teleotypic in its 
own group is prototypic of those derived from it. Thus, the 
Archwopteryx, so prototypic of modern birds, Avas a very higlily 
•‘Specialised teleotype of its oaaui ancestry. A little rellectioii will 
also make it clear that the same principle of antitypes (opposed 
lypes) is applicable to any of our groups in zoology. Any rfroup is 
lelcotypic of the next greater group of which it is a member ; prototypic oj 
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the next lesser one. Any species is teleotypic of its genus ; any genus, 
of its family; any family, of its order; and conversely; that is to 
say, any species represents one of the ulterior modifications of the 
plan of its genus. The Glass of Birds, for example, is one of the 
several telco types of Vertchrata, i.e. of the vertebrate plan of struc> 
ture; representing, as it does, one of several ways in which the 
vertebrate prototype is accomplished. Conversely, the Class of 
Birds is prototypical of its several orders, representing the plan 
which these orders severally unfold in different ways. And so on, 
throughout any scries of animals, backward and forward in the 
process of their evolution : any given form being teleotypic of its 
l)rodecessors, i)rototypic of its successors. All existing forms are 
necessarily teleotypic, — orily prototypic for the future. Prototype, 
in the sense here conveyed, indicates what is often expressed by the 
word archetype. But the latter, as I understand its use by Owen 
and others, signifies an ideal never actually realised; the 

“ jirchctypc* of the vertebrate skeleton,’^ for exam2de, being some- 
thing no vertebrate ever 2^^^ssesscd, but a theoretical model — a 
generalisation from all known skeletons. The correspondence of my 
use of “ prototypic ” with a common emtiloyment of “ archetypic,” 
juid of “ teleotyinc ” as including both “attyjuc^and “ ctyiuc,” is 
noted below. ^ 

The actual and visible genetic rclationshi2)s of living forms l)eing 
practically restricted to individuals of the same si^ecies, — parents 
and offspring s])cci{ically identical, — it would seem at first sight 
that s[)ccics must be the modified descendants of their res2)ective 
genera, in order to be teleotytnc of any such next higher group. 
But nothing descends from a genus, or any other grouj) ; every- 
thing descends from individuals ; a genus, like any other grouj), 
is an abstract statement of a relation, not a begetter of anything. 
To illustrate : the “ genus Turdus ” is represented, let us say, by a 
score of species : if these sjiecies be rightly allocated in the genus, 
they are all the modified descendants of a form which was, before 
they severally branched off, a specific form; and the “genus 

^ Arch flypical cluiracters are lliose which a group derives from its progenitor, 
and with whicli it cominciiccs, Imt which in much modilieil descendants are lost ; 
such, for example, is the dental formula of the Educahilia (M PM -4 C 2 1 0 x2), 
— a formula, as shown by Owen, very prevalent among early members of the group, 
but generally de]iarted from more or less in those of the existing faunas. Attypicul 
chaivicters are those to the ac<juisition of wliicli, as a matter of fact, we timl that 
forms, in their journey to a specialised eoiidition, tend. . . . Riypical characters are 
exceptional ones, and which are exhibited by an eccentric offshoot from the common 
stock of a group ” (Gib, Vr. Am. Assoc. Atlv. »SV;/., xx. 1873, p. 293). To illustrate 
in birds : A generalised lizard-like type of sternum is archetypic of any bird’s ster- 
num. The sternum of the lizard-like animals whence birds actually descended is 
prototypic ; the keeled sternum of a carinate bird is atiypical in most birds, etypif^A 
in the peculiar state in which it is found in Strimjops ; but equally teleotypic in both 
instances. 
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Tiirdus ” in the abstract is simply that form ; and that form is 
prototypic of its derivatives. In the concrete, as represented 
by its teleotypes, the genus Turdus sums the modifications which 
these have collectively undergone, without specifying the particular 
modifications of any of them ; it expresses the way in which they 
arc all like one another, and in Avhicli they are all unlike the re- 
presentatives of any otlicr genus. Thus Avhat is above advanced 
is seen to hold, though genera and all other groups are actual 
descendants of individuals specifically identical. 

Generalised and Specialised Forms. — Taking any one group 
of animals — say the genus Turdus, of numerous species — and con- 
sidering it apart from any otlicr group, wo perceive that it rejiresents 
a certain assemblage of characters peculiar to itself, aside from those 
more fundamental ones it includes of its family, order, etc. Its 
])articular characters we call “generic.” Among the numerous 
teleotypic forms it includes, there is a Avide range of specific varia- 
tion, Avithin the limits of gcmcnic relationship. Some df its species 
are modified farther aAA^ay than some others are from the generic 
standard or type to Avhich all conform more or less perfectly. The 
former, having more peculiarities of their own, are said to be the 
most specialised ; the latter, having fcAver peculiariti(‘s, are the least 
sjiecialised. Those that are the least specialised are oliviouslj^ the 
most generalised ; and this means that Ave believe tin mi to be nearest 
to the stock Avhence all have together descended AAuth modification. 
The application of this illustration to great groups shoAVs us the 
principle upon which any form is said to be generalised or specialised. 
The lehfliyornls, Avith its fish-like vertebne, reptile-like teeth, bird- 
like sternum and shoulder-girdle, is a A't‘ry genemlised form. A 
thrush is the opposite extreme of a highly specialised form. The 
tAvo arc also separated by an enormous interval of time ; one being 
very old, the other quite 'ucav ; a chronological seipienco is here 
perceived. Since the evolutionary processes concenKal in the modi- 
fication on the Avhole represent progress from simplicity to com- 
plexity of orgjinisation, and therefore ascent in the scale of 
organisation, a generalised type, an ancient tyjx^, and a simple type 
arc on the Avhole synonymous, and to be contrasted Avith forms 
sjiexialised, recent, and complex. They therefore respectively corre- 
spond to 

“ Low ” and “ High ’’ in the Scale of Organisation. — All 
existing birds are very closely related, notAvithstanding the great 
numerical preponderance of the class in the present geological 
epoch. This outbreak, as it Averc, of birds upon the modern scene, 
is like the nearly simultaneous bursting into ])loom of a mass of 
floAvers at the end of one branch of the Sauropsidan stem. All 
modern birds, in fact, arc strongly specialised forms, so much so that 
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it is (lifticiilt to predicate “ high ” or “ low ” witliin such a narrow 
scale. The great group Passeres, for example, comprehending a 
majority of all known birds, is scarcely more diftcrent from other 
birds than are the families of reptiles from each other, and among 
Passcres we have little to go. upon in deciding “high” or “low” 
beyond the musical ability of Oscines. It is hard to see much 
diflerence in actual complexity of organisation between those birds 
regarded as the lowest, as an ostrich or a penguin, and those con- 
ceded to be highest, as a swallow or sparrow. Nevertheless, in a 
larger perspective, as between a fish, a reptile, and a bird, the 
student will readily ])erceive the bearing of the ideas attached to 
the terms “ low ” and “ high ” in the scale of organisation. Creatures 
rise in the scale by a number of correlated modifications and in the 
course of time (for it takes time to evolve a class of birds from 
sauro[)sidan stock as really as it does to develop the germ of an egg 
into tlio body of a chick). Progressive differentiation and sj)ecialisa- 
tion of strubture and function in due course elaborates diversity 
from sameness, complexity from simi)licity, the “ high ” special from 
the “ low' ” geiKiral plan of organisation ; the culmination in man of 
the vertebrate type, first faintly foreshadow^ed in the embryonic 
Ascidian, No one sliould venture to foretell tlic result of infinit- 
esimal increments iii ch^vation of structure and function, nor pre- 
sume to limit the infinite possibilities of evolutionary processes, 
either in this actual wa')i‘ld or in a foretold next one. 

As to “evidences of design” in the plan of organised beings, it 
may Ijc said simply that every creature is perfectly “ designed ” or 
lifted for its ap])ropriatc activities, and j)ci‘fcctly adapted to its 
conditions of environment. In fact, it must be so fitted and 
ada})led, or it would perish. AVhether it .so determines itself, or is 
so d(}t(umined, is a teleological question. The truth remains that 
every creature is perfect in its own w'a}\ A worm is as perfectly 
fitted to be a w^orm, as is a bird to be a bird ; in fact, were it not, 
it w'ould either turn into something else, or cease to be. A spade 
is as perfect an organisation of fhe spade kind, as is the steam-engine 
of that kind of an organisation ; though the dilFerence in complexity 
of structure and functional capacity, like that betw^eeii the lowly 
organised ascidian generality and the highly organised avian 
speciality, is enormous. 

One w'ord more : The class of mammals is highest in the scale 
of organisation. The class of birds is next highest. But it does 
not follow, from this relation sustained by Mammalia and Aves 
collectively, that every mammal must be more highly organised 
than every bird. It is difficult to say how a mole or a mouse is a 
more elaborate or more ca2)able creature than a canary-bird, physic- 
ally or mentally. The relative rank of tw^o groups is determinetl 
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l^y balancing the aggregate of their structural characters. In large 
series, the average of development, not the (‘Xtremes either way, is 
taken into account ; so that the lowest meniliers of a higher group 
may be beloAv the highest members of the next lower group. The 
common phrase, “below par,” or “above par,” is most applicable 
to such cases. 

Machinery of Classification. — The inexperienced student may 
be glad to be given some ex[)lanation of the way in which the 
taxonomic ])rinci[)les we have discussed are applied, and carried into 
practical elfect in classifying birds. Our machinery for that purpose 
is our inheritance from those naturalists who held very dillcrent 
views from those which touch the evolutionary key-note of modern 
classification. It is clumsy, and does not work Avell as a miains of 
expressing the relations we now bclieA'e to be sustained by all organ- 
isms toward one another ; lait it is the best we have. Systematic 
zoology, or the practice of classilication, has failed to keep pace Avith 
the principles of the science; Ave arc greatly in nced-fof some iicav 
and shar])er “ tools of thought,” Avhich shall do for zoology Avhat the 
system of syml)ols and forinnhe has done for clicmistry. IKe want 
s/pnhoJlc fonnulaf'a.m (tf our knowJrdijc, The invention of a prac- 
ticalile scheme of classification and nomenclature, Avhich should 
enable us to formulate Avhat avc imain by 'I'urdus riscirorn^j as a 
chemist syniliolises by Avhat he understands hydrated sul- 

phuric acid to be, Avould be an inestimable boon to Avorking 
naturalists. The ma])ping out of groups Avith connecting lines to 

indicate their genetic relations, in the form of the phylum, is a 
common practice ; but that, like any other pictorial repi'escntation 
of a “family tre(i,” is not the grajdiic symbolisation re([iiired. The 
first steps in this direction have been teiitatiA^ely taken already by 
the late Mr. A. H. (Jarrod and others : Ave already have a mother 
of the ref[uired invention’*in the necessity of the case, and may hope 
that the father Avill not be long in coming. 

Under the present system, l>irds ave called a “Class” of Yerte- 
brates, and are subdivided into “orders,” “families,” “genera,” 
“species,” and “varieties,” as already sufficiently indicated. Croups 
intermediate to any of tliesi? may be recognised ; and if so, are 
usually distinguished by the prefix suJj-. iVIany other terms are 
in occasional use, as “tribe,” “race,” “scries,” “cohort,” “super- 
family ” ; but the six first mentioned are the best established ones 
among English-speaking naturalists. Their sequence is fixed, as 
above, from higher to loAver, in relative raiik.^ AVith the exceptions 

^ The ex])ression “higher in the sense of relative rank in the taxonomic 

.scale, will of course he <listinguishe(l from the same expression wlieii ap[)liti(l to the 
relative rank in the .scale of organi.sation of the ohjects classified. An order of birds 
i-s a “higher gronp” than a family of birds, in the former sense, hut no higher than 
an order of worms, in the latter .seii.se. 
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to be presently noted, the names of groups are arbitrary, at the will 
of the person who establishes and designates them. The framer of 
a genus, or the describer of a species, calls it what he pleases, and 
the name he gives holds, subject to certain statutory regulations 
which naturalists generally agree to abide by. The exceptions are 
the names of families and sub-1 am ilics, the former commonly being 
made to end in -ida^ the latter in -miv : family Turdichr ; suli-family 
Ttmlinw. This is a great convenience, since we ahvays know the 
rank intended to be noted by these word -forms. The names of 
grou])S higher than species are almost invariably single words ; as, 
ord(‘r Pifsseres ; but sometimes, especially in cas(^s of intermediate 
groups, two words are used, one (pialifying the other ; as, sub-order 
T(fsmrs Acromyodi, or oscine Passcres. A generic or sub-generic 
name is always a single word ; these, and the names of all higher 
groups, invjiriably begin with a capital letter. 

Until (piito recently, the scientific name of any individual bird 
almost invariibly consisU*d of two terms, generic and specific, — the 
name of the genus, followed by the name of the species ; as, Tuvdnf^ 
viscirontSj for the missel -thrush. 'Fliis is the ‘‘binomial nomen- 
clature’' (badly so called, for “binominar’ or “bionymic” would be 
better) ; introduced l)y Linmeus in the middle of the last century. 
It was a great improvement upon the fornuT method of giving either 
single arbitrary names to birds, often a mere Latin translation of 
their vernacular nickname, or long descriptive names of several 
words ; ])r()bably no other single im])rovenicnt in a method of 
nomenclatui’e even* did so much to make the technique of nomen- 
clature systcmiatic. 'Fo couple the Uvo terms at all was a great 
thing, the convenience of which we who never felt its want can 
hardly a.p])reciatc. To follow the gemu-ic by the sjiecific term was 
itself of the same advantage that it is to have the Smiths and 
BroAvns of a directory entered under S aAd B, instead of by Johns 
and Jameses; besides according with the genius of the Komaiice 
languag(‘S, which commonly put the adjective after the noun. A 
Frenchman, for exam])lo, would say, Ikc-croktl avx ailes hlanches dc 
FAmlriquo sepfcidriontdc, or “Bill-crossed to the Avings Avhitc of the 
America, north,” wdici'e we should say, “IS'orth American Avhite- 
Avinged Crossbill,” and Liiinauis Avould have Avritteii Loxla Inivoptera. 
The binomial sclieme Avorked so AAa?ll that it came to have the 
authority and forcti of a statute, Avhich few subsccjuent naturalists 
have been inclined, and fcAver have Aentured, to violate ; Avhile it 
became an cx jwst facto laAv to prior naturalists, ruling them out of 
court altogether, as far as the legitimacy of any of the names they 
had bestowed Avas concm-ned. It necessarily rested, hoAvever, or at 
any rate proceeded upon, the false idea of a species as a fixity. 
Linnaius himself experienced the inadequacy of his system to deal 
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binomially with those lesser groups than species, commonly called 
“ varieties,” now better designated as “ conspecies ” or “ subspecies ” ; 
and he often used a third word, separated however from the binomial 
name by intervention of the sign “var.” or some other symbol. 
Thus, if he had supposed an American crossbill to be a variety of a 
European Loxhi leucopteni^ he might have called it Loxia leucoptera, a, 
americana. Some years ago, in treating of this subject, I urged the 
necessity of recognising by name a great number of forms of our 
birds intermediate between nominal species, and connecting the 
latter by links so perfect, that our handling of species required 
tliorough reconsideration. Tlie dilemma arose, through our very 
intimate knowledge of the climatic and geograpliical variation of 
species, either to discard a great number that had been described, 
and so ignore all the ultimate modifications of our bird-forms ; or else 
to recognise as good species the same large number of forms that we 
knew shaded into each so completely that no specific character could 
be assigned. Jn the original edition of the Keij to N$>dh Aiiimccin 
JUrds (1872), I compromised tlie matter by reducing to tlie rank of 
varieties the nominal species that Avere knoAvn or believed to inter- 
grade ; and the original edition of my (diech List (1873) distinguished 
such by the sign “var.” intervening between the specilic and the 
sulDspccific name. I subsecpiently determined to do away with the 
superfluous term ‘‘var.,’^ and in the next edition of the Chach List 
(1882) reverted to a purely trinomial system of naming the equi- 
vocal forms ; as, Lo.na curvirosim, aiuerkauo. Tliis system is found 
to work well, and seems likely to come into general use.^ 

The Student cannot be too well assured that no such things 
as species, in the old sense of the Avord, exist in nature, any nioi*e 
than have genera or families an actual existence. indeed they 
cannot be, if there is any truth in the principles discussed in our 
earlier paragrajihs. S^iecibs arc sinijdy ulterior modifications, Avhich 
once Avere, if they be not .still, in.se])arably linked togetlnw ; and 
their nominal recognition is a pure convention, like that of a genus. 
More practically liinges upon the Avay aa^c regard them than turns 
Uj)on our establishment of higher group.s, simply because upon the 
Avay Ave decide in this case depends the scientific labelling of spccimeus. 
If Ave are speaking of a robin, avc do not ordinarily concern our- 
selves Avith the family or order it belongs to, but Ave do re((uire a 

^ Since tlic al)ove was })cnne<l, the triiioiniual or trionymic system of noim-iielatiire 
has been formulated and fully adopted by the committee on Nomenclature of 
the American Ornithologists’ Union, of which Dr. Cones was chairman ; and the 
decision of that body of nomenclatural legislators, as expressed in its Canons of 
Noiiienclatnre, has been recognised as authoritative not only by American ornitholo- 
gists in general, but by naturalists in other departments of zoology, notably mam- 
malogy, herpetology, ichthyology, inahicology”, and entomology. The scheme has 
become well known to British ornithologists as a distinctive feature of the “ American 
School.” 
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technical name for constant use. That name is compounded of its 
genus, species, and variety. No infallible rule can be laid down for 
determining what shall be held to be a species, what a conspecies, 
subspecies, or variety. It is a matter of tact and experience, like 
the appreciation of the value of any other group in zoology. There 
is, however, a convention upon the subject, which the present 
workers in ornithology in America find available ; and there is no 
better rule to go by. "J'hey treat as “specific’^ any form, however 
litth^ different from the next, that is not known or believed to inter- 
grade with that iKixt one ; between which and the next one no 
intermediate e(|iiivocal specimens arc forthcoming, and none, con- 
sc«juently, are supposed to exist. This is to imply that the differen- 
tiation is accomplished, the links arc lost, and the characters actually 
become “ s])ccific.” They treat as “ varietal ” of each other any 
forms, however different in their extreme manifestation, which they 
know to intergrade, having the intermediate specimens before them, 
or Avliich thew/ believe Avith any good reason do intergrade. If the 
links still exist, the differentiation is still incomplete, and the 
characters are not specilic, but only varietal, in the litoral sense of 
these terms. In the latter case, the oldest name is retained as the 
specific one, and to it is appended the varietal dc^signation : as, 
Tiirdifs inlifVdfor'ut^ jirojfiinpufx. The specific and subspccific words 
are preferably written Avitli a small initial letter, even when derived 
fi’om the name of a jxn’son or place, after the example of Dr. V. L. 
Sclater and other eminent llritisli naturalists. 

One other term than those just considered sometimes forms part 
of a liird’s scientific name : this is the snldjemis. When introduced, 
it always follows the giuieric term, in parentheses; thus, TiinhfS 
{iM('ru/(() forqud/tis. This is cumbrous, especially Avhen there are 
alr(‘ady three terms, and is little used. I have latterly discarded it 
altogether. There is no difference in kinVl betAveen a subgenus and 
a genus, — it is a difference of slight degree merely ; and modern 
genera Inwe so multi})lied that one can easily find a single name for 
any generic refinement he may Avish to indulge. 

It has always been customary to AA'rite after the bird’s name the 
name of the original descriher of the s[)ecies, — oi'iginally and 
properly, as the authority or voucher for the validity of the species 
named. But as genera multiplied, it Avas often found necessary to 
change the generic name, the species being placed in another genus 
than that to Avhich its original nanuu’ referred it. The name of the 
person Avho originated the ncAv combination came to be generally 
sufHxed, presumably as the authority for the validity of the classi- 
fication implied. As this AA^as to ignore the proprietorship of the 
original descriher, it became customary to retain that describer’s 
name in parentheses and add that of the classifier ; thus, Tiirdus 
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migratorius Linnaeus ; Plancsticiis migraforhis (Linn.) Bonaparte. The 
practice still prevails. 

It would take me too far to go fully into the rules of nomen- 
clature : some few points may l>e noted. A proper sense of justice 
to the describers of new genera, species, and varieties prompts us to 
preserve inviolate the names they see fit to bestow, with certain 
salutary provisions. Hence arises the “law of priority.” The first 
name given since 17b 8 is to be retained and used, if it can be iden- 
tified with reasonable certitude ; that is, if we think we know what 
the giver meant by it. But it is to be discarded, and the next name 
in ju'iority of time substituted, if it is “glaringly false or of express 
absurdity,” — as calling an English bird “ afriauiusfi or a black one 
“ allnis” No generic name can be duplicated in zoology, and one 
once void for any reason cannot be revived and used in any connec- 
tion. The same specific name cannot be used twice in the same 
genus. 

The Actual Classification of Birds has undurgone radical 
modification of late years, though the same machinery is employed 
for its expression. This is as Avould be expcct(;d, seeing how pro- 
foundly the theory of hlvolution lias affected our principles of classi- 
fication, how completely the ni()i‘[)hological has re[)laced other 
systems, and how steadily our knowledge of the structure of birds, 
and their chronological relations, has progressed. Nevertheless, the 
ornithological system is still in a transition state. 

With this glance at some taxonomic ])rincipl(‘.s and practices, I 
pass to an outline of the structure of birds, some knowledge of 
which is indis[)cnsable to any appreciation of ornithological defini- 
tions and descriptions. It is necessfny to be brief, and I shall 
coniine myself mainly to the consideration of those points, and 
the explanation of those technical terms, which the student needs 
to understand in order *to use any systematic treatise easily and 
successfully. 


:l.— DEFINITIONS AND DESCRIPTIONS OF TEE 
EXTERIOR PARTS OF BIltDS 

a . Of the F'eatheus, ok Plu^^iaoe 

Feathers are possessed only by birds, and all birds possess 
them. Feathers are modified scales ; like scales, hair, horns, plates, 
sheaths, etc., they are outgrowths of the integument, or skin cover- 
ing the body, and therefore belong to the class of qridrriiiic (Gr. eirl, 
qdy upon ; 8ep/xa, deniia, skin), or exosJceletal (Gr. ex, out ; o-kcA.- 
€T(jV, skeleton, dried ; in the sense of “ outer skeleton ”) structures. 
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The horny coverings of the beak and feet are of the same class, 
but very differently developed. Besides being the most highly 
developed or comjilexly specialised, wonderfully beautiful and per- 
fect kind of tegumentary oiitgrowths — besides fulfilling in a singular 
manner the design of covering and protecting the body — feathers 
have their particular loconiotory office : that of accomplishing the act 
of flying in a manner peculiar to birds. For all vertebrates, ex- 
cepting birils, that progress through the air — the flying-fish, with its 
enlarged pectoral fins \ the flying-reptile, with its skinny parachute \ 
the flying mammal (bat) witli its great webbed fingers — accomplish 
atirial locomotion by means of tegumentary expanmns. Birds alone 
fly with tegumentary outgrowths, or apjiendages. All a bird’s 
feathers, of Avhatever kind, collectively constitute its ptilosh (Gr. 
TTTtAop, pflloiij a feather) or PLrMAiJK (Lat. pluina, a plume). 

Development of Feathers. — in a manner analogous to that of 
hair, a foatlier grows in a little pit or pouch formed by inversion 
of the derraalcor true-skin layer of the integument, being formed in 
a closed follicle or shut sac consisting of an inner and outer coat 
sejiarated ])y a layer of line granular substance. The outer layer 
or outer follicle is composed of several thin strata of nucleated 
ei)ithelial cells (caiticle cells) ; the inner is thicker, s])ongy, and filled 
with gelatinous fluid ; a little artery and vein furuisli the blood 
circulation, very active during the formation of feathers. The 
inner is the true matrix or mould u])on which the feather is formed, 
evolving from the Ifiood-sujiply the gelatinous material, and resolv- 
ing this into cell- nuclei j the granular layer is the formative 
material which becomes the feather. The outer grows a little 
beyond the cutaneous sac that holds it, and opens at the end ; from 
this orifice tlie future featluir protrudes, sjirouting as a little fine- 
rayed pencil ])oint. The process is thus graphically illustrated by 
Huxley : “ The integument of birds is always provided with horny 
appendag(\s, wliich result from the conversion into horn of the cells 
of the out(‘r layer of the epidermis. But the majority of these 
appendages, which arc termed ‘ feathers,’ do not take the form of 
mere jilates developed u])oii the surface of the skin, but arc evolved 
within sacs from the sui'faces of conical [)apilhe of the dermis. The 
external surface of the dermal papilla, whence a feather is to be 
developed, is provided u])on its dorsal [upper] surface with a. median 
groove, which becomes shallower towards the apex of the [lapilla. 
iVom this median groove lateral furrows proceed at an ojjen angle, 
and passing round upon the under surface of the papilla, become 
shallower, until, in the middle line, opposite the dorsal median 
groove, they become obsolete. Minor grooves run at right angles 
to the lateral furrows. Hence the surface of the papilla has the 
character of a kind of mould, and if it Avere repeatedly dipped in 
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such a substance as a solution of gelatine, and withdrawn to cool, 
until its whole surface was covered with an even coat of that sub- 
stance, it is clear that the gelatinous coat would be thickest at the 
basal or anterior end of the median groove, at the median ends of 
the lateral furrows, and at those ends of the minor grooves which 
open into them ; while it would be very thin at the apices of the 
median and lateral grooves, and between the ends of the minor 
grooves. If, therefore, the hollow cone of gelatine, removed from 
its mould, were stretched from within ; or if its thinnest parts be- 
came weak by drying ; it would tend to give way, along the inferior 
median line, opposite the rod-like cast of tlie dorsal median groove 
and between the ends of the 
casts of the lateral furrows, 
as well as between each of 
tlie minor grooves, and the 
hollow cone would expand 
into a Hat, feather-like struc- 
ture with a median, shaft, as 
a ‘ vane ’ formed of * barbs ’ 
and ‘ barbules.’ In point of 
fact, in the development of 
a fcatlier such a cast of tlie 
dermal papilla is formed, 
though not in gelatine, but 
in the horny epidermic layei* 
developed upon the mould, 
and, as this is thrust outward, 
it opens out in the manner 
just described. After a cer- 
tain period of growth the 
papilla of the feather censes 
to be grooved, and a coiitinu- 
ous horny cylinder is formed, 
which constitutes the ‘quill.’ ” 

(Introd. Clamf. ylnbii. ]). 71.) 

Structure of Feathers. — 

A perfect feather, possessing 
all the parts it can develop, consists of a main stem, shaft or scape (Tjat. 
srapm, a stalk ; Fig. 10, ad), and a supplementary stem or after-shaft 
{hjporhachk ; Gr. viro, htipo, under, rhacMs, a spine or ridge ] 

Fig. 19, h), each bearing two webs or vanes (Lat. vmllum, pi. vexilla, 
a banner ; Fig. 19, c, c, c), one on either side. The Avhole scape is 
divided into two parts : one, nearest the body of the bird, the tube 
or barrel or “ quill ” proper (Lat. calamus, a reed), which is a hard, 
horny, hollow, and semi-transparent cylinder, containing a little pith 



Fki.IO. - -A partly iMninac,(3oiis, partly [)lTnniilace()ns 
fcntln-'r from Argus pliciisaiit ; after Nitzscb. uJ, 
m;iiu stem; culamus ; (i, ihiieliis ; e, e, e, v.'inc.s, 
«;nt awuy on left .side in onliT not to iiitei'fero with b, 
the after-shaft, the whole of the right vane of which 
is likewise cut away. 
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Kkj. *J(). — Two lijiriis, ff, a, 
of n vfiiK*, ho.'irino ;uit(‘rior, 
h, h, and i>(^sl(>!'ior, <•, liarl)- 
ulcs ; iMilarj^cd ; after 
Nil/scli. 


ill the interior ; it bears no webs. One end of this quill tapers to 
be inserted into the skin ; the other passes, at 
^ ])oint marked by a little pit (Lat. imihilicvs, 
t navel) into the shaft projier or rhacJds, the 

second part of the sttmi. The rhachis is a 
jl. four-sided jtrism, squarish in transverse sec- 

tapers gradually to a line point; it is 
loss horny tlmn tlie barrel, very elastic, opaque, 
pltl^y i If bears the vexilla. The after- 
'fffh ■ ' Y shaft, when Avell developed, is like a dujdicate 

7 hi miniature of the main feather, from the 

ij which it s])rings, at junction of calamus 

with rhachis, close liy tlu; umbilicus. It is 
' y " generally very small compared Avith the main 
'V pjJi’f of tlic feather, though (piite as large in 

** a feAV kinds of birds ; it is entirely wanting 

-jo-TwoiiiiiMis a (( groups of birds ; it is never developed 

of ;i vane, i>onrin;';uit(Mi()r,’ oil tlic large, stroiig wiiig- and tail-fcatliors. 

h, h, and ix^slci'ior, <•, liarl)- ,,,, ' . , » . - i /i . 

ulcs; iMiiarj'cd ; after Ihc 'nriu' consists oi a sei'ics 01 a[)presscd, nat, 
nari’owly linear or lance-linear lamiiue or plates, 
set obliquely on the rliachis l)y their bases, diveiging out from it at 
a varying oiien angle, ending in a free point ; each such 
narrow, acute plate is called a b<(rb (Lat. Imu'Iki, a beard ; f! 

Fig. 20, ^/, a). Now if these la mime or barbs simply / ^ 
lay alongside one another, like the leaves of a liook, v//^ 
the feather Avould have no consistency ; therefore, they \\! / ^ 
are connected together ; for, just as the rhachis bears 
its vane, or series of barbs, so does each barb liear its 
vanes of the second order, or little vanes, called barhiilcs 
(diniin, of barba ; Fig. 20, b, />, c). These are to the 
barbs exactly Avhat the barbs are to the sliaft, and .‘ire ^ 

similarly given otf ; fro 111 both sides of the upper edges 
of the barbs; they make the vane truly a that is, (I 
they so connect the l.iarbs together that some little \ 

force is reipiired to ])ull them apart. Barbules are \ 

variously sh.ajieil, but generally Hat sideways, with : \ 

upper and lower boi’der at base, ra])idly tajiering to a \ | 

slender thready end, and are long enough to reach over n / 

several barbuli^s of the next barb, crossing the latter \y/ 

obliquely. All the foregoing structures are seen by ^ 

the naked eye or Avith a simple pocket lens, but the single bin bnie, 
next to be described reciuire a microscope : they are the hoJk- 

harbiccls (another dimin. of barba) y also called ciVuiy or 
lashes (Fig. 21) ; and hanudi, or booklets (Lat. liamnluSy Niti^seb. 
a little hook; Fig. 21). These are simply a sort of fringe to the barb- 
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ules, just as if the lower edge of the barbules were frayed out, and 
only differ from each other in that barbicels arc plain hair-like pro- 
cesses, while hamuli are hooked at the end ; they are not found on 
all feathers, nor on all parts of some featliers. IJarbi- 
cels occur on both anterior and posterior rows of 
barbules, though rarely on tlie latter ; liooklcts arc 
confined to any anterior scries of barbules, which, as 
we have seen, overlie the [posterior rows, forming a 
diagonal mesh-work. The design of this beautiful 
structure is evident; the barbules are interlocked, and 
the whole made a web ; for each booklet of one barhule 
catches hold of a barhule from the next l>arh in front, 
any barhule thus holding on to as many of the barli- 
iiles of the next barb as it lias booklets ; while, to 
facilitate this interlocking, the barbules have a 
thickened ujiper edge of the right size for the book- 
lets to grasp. The arrangement is shown in Fig. 22,# 
where (t, ir, 0, are four barbs in transverse section, 
viewed from the cut surfaces, with tluiir anterior, 
h, />, h, h, and posterior, r, c, c, c, barbules, the former 
bearing tlie booklets which catch over the edge of the 
latter. 

Types of Feathery Structure. — But all feathers 
do not answer the aliove description. The after-shaft 
may be wanting. Ifooklets may not be develojicd, 
as frequently happens. Barbicels may be few or entirely want- 
ing. Barbules may bo similarly deficient, or so defectivii as 
to be only recognised by their position and relations. *>' Even 
lairbs themselves may lie few or lacking on one side of the 
shaft, or on both sides, as in certain bristly or hair-like styles of 
feathers. Consideration df these and other modifications of feather- 
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Fk;. 23. — A I'eathov from tht; tail of a Tyraniius carurnirusiti^ almost entirely 

l)i‘iiu:u.‘eous ; in) :irti;r-slialt. From nature, hy Cones. 

structure has led me to the recognition of three types or plans : 1. 
The jierfectly feathery, ov pen mceoirs (Lat. jdnina, a plume, 

ov 2 )enim, a feather fit for writing with ; Fig. 23 ), as aljove described. 
2. The downy oy Tltnnvlneeons {liUt. 2du}imla, a little plume, a down- 
feather), when the stem is short and weak, with soft rhachis and 
barbs, with long slender thready barbules, little knotty dilatations in 
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place of liarbicels, and no booklets. 3. The hairy, bristly, or jiloplura- 
(iceous (Lat. a thread), with a very long, slender stem, and rudi- 
mentaiy *or very small vanes composed of fine cylindrical barbs and 
barbules, if any, and no barbicels, knots, or booklets. There is no 
abrupt definition between these types of structure ; in fact, the same 
feather may be constructed on more than one of these j^lans, as in 
Fig. 19, which is partly pennaceous, partly plumulaceous. All 
feathers arc built upon one or another, or some combination, or 
modification, of these types ; and, in all their endless diversity, may 
be reduced to four or five 

Different Kinds of Feathers. — 1. Contour -feathrr.^ pennm or 
'plnwio proper, hav(; a i)ei*f(‘ct stem composed of calamus and rhachis, 
with vanes of pennaceous structure, at least in part, usually plumu- 
laceous toward the base. These form the great bulk of the surface- 
[)lumage exposed to light ; their beautiful tints give the bird’s 
colours; they are the most modified in detail of all, from the fish-like 
scales of a penguin’s wings to the glitteilng jewels of the humming- 
bird, and the endless array of the tufts, crests, rulfs, and other 
ornaments of the feathered tribes ; even the imperfect bristle-like 
feathers above mentioned may belong among them. Another 
feature is, that they arc usually individually moved by subcutaneous 
muscles, of which there may be several to one feather, passing to 
be attached to the sheath of the tu])e, inside the skin, in which the 
stem is inserted. These muscles may be ])lainly seen under the 
skill of a goose, and every one has observed their operation when a 
hen shakes hersijlf after a sand-bath, or any bird ei’ccts its top-knot. 
2. I)oim-feaihei\% phiniida^ are characterised by a downy structure 
throughout, ddiey monj or less completely invest the body, but 
are almost always hidden beneath the contour-fi‘athers, like pad- 
ding about the bases of the latter ; occasionally they come to 
light, as in the lleecy ruff about the neck of the condor, and then 
usually re])lace contour-feathers ; they have an aftcr-sliaft, or none ; 
and sometimes no rhachis at all, tlie barbs then being sessile in a 
tuft at the end of the quill, j-hey often stand in a regular quin- 
cunx ( • ') between four contour-feathers. 3. Semiplunies, semi- 
2>lima\ may be said to unite the cliaracters of the last two, possess- 
ing the pennaceous stem of the former, and the plumulaceous vanes 
of the latter; they are with or without after-shaft. They stand 
among penme, as the pliimuhe do, about the edges of patches of the 
former, or in parcels by themselves, but are always covered by 
contour-feathers. 1. Filojdwncs, jilophima\ or thread-feathers, have 
an extremely slender, almost invisible stem, not well distinguished 
into biirrel and shaft, and usually no vane, unless a terminal tuft of 
barbs may be held for such. Long as they are, they are usually 
liiddcn by the contour-feathers, close to which they stand as access- 
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ories, one or more seeming to issue out of the very sacs in Avliich 
the larger feathers are implanted. These are the nearest approach 
to hairs that birds have ; they arc very well shown on domestic 
poultry, being what a good cook finds it necessary to singe off after 
plucking a fowl for the table. 5. Certain down-feathers are remark- 
able for continuing to grow indefinitely, and witli this unlimited 
growth is associated a continual breaking down of the ends of 
the barbs. Such plumuhe, from being always dusted over with dry, 
scurfy exfoliation, arc called poicder-doicn .* they may b(i entitled to 
rank as a fifth kind. I call them piflrqdiiines. They occur in the 
hawk, parrot, and gallinaceous tribes, and especially in tlie herons 
and their allies. They are always ])rcsent in the latter, where they 
may be readily seen as at least two large [)atches of greasy or dusty, 
whitish feathers, matted over the hips and on the breast. 

Feather Oil Gland. — llirds donot])erspire, and cutaneous glands, 
corresponding to the sweat-glands and sebaceous follicles so common 
III are little known among them. Hut tlic^r “ oil-can 

is a kind of sebaceous follicle, Avhich may be noticed here in connec- 
tion with other tegumentary a])pen(lages. This is a two-lobed or 
rather heart-shaped gland, saddled upon the “ popc’s-nosc,’' at the 
root of the tail, and hence sometimes called the unpj/(jiiil (jIkiuI 
(Lat. uropipjiiatij rump), or rumjrgland. I have named it the (Pro- 
docJion ( Gr. (daiodoclio^^ containing oil ; Tig. 2 1, 9). It is 

composed of numerous slender tubes or follicles which secrete the 
greasy fluid, the ducts of which, uniting successively in larger tubes, 
iinally open by one or more pores, commonly upon a little nipple- 
like elevation. Birds press out a drop of oil Avith the beak and 
dress the feathers Avith it, in the well-knoAvn ojxnation called 
“preening.” The gland is lai'ge and ahvays present in aquatic 
birds, which have need of Avateiproof plumage ; smaller in laud- 
birds, as a rule, and Avanting in some. The jiresence or alisence of 
this singular structun*, and Avhetlicr or not it is surmounted by a 
l>articular circlet of b'athers, distinguishes certain groups of lairds, 
and has come to be much used in classification. 

Pterylography. — Feathered Tracts and Unfeathered Spaces. 
— Excepting certain birds having oin iously naked s[)aces,as about the 
head or feet, all would be taken to be fully feathered. Eo they are 
oarred with fc(dhcri>, but it <loes not folloAv that feathers arc every- 
where implanted upon the skin. On the contrary, a uniform and 
continuous ptcrylom is the rarest of all kinds of feathering ; though 
Siuch occurs, almost or (piite perfectly, among certain birds, as the 
ostrich tribe, penguins, and toucans. If avc compare a bird’s skin 
to a Avell-kept park, part woodland, part laAvn ; then Avhere feathers 
grow is the Avoodland, Avhere they do not groAv is the laAvn. The 
former places are called tracts or pleryUe (Gr. irrepov, ydcrorq a plume 

K 
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and I'Ary, hjlP^ a wood) ; the latter, i^])ace^ or a]dervi (Gr. a privative, 
and 7rT€f)i)v) ; thiiy mutually distinguish certain definite areas. Not 
only are tha ]derijla' and aptcria thus definite, but their size, form, 
and arrangement mark whole families and even orders of Ihrds ; so 
that 'jdpjrylosh, or the foimation of the feather- tracts, becomes avail- 
able, and is indeed found to lie imjjortant, for purposes of classifi- 
cation. rterylofiivp/niy or the description of this matter, has been 
made a special study l)y the celebrated Nitzsch, who has laid down 
the general ])lan of pteiylosis which obtains in the great majority 
of liirds, as follows : 1. The spinal or dorsal tract {ptenjhi spinalis ; 
Fig. 24, 1), running along the middle of the bird aboA^e from the 
nai)e oF the neck to the tail ; subject to great variation in Avidth, to 
dilation and contraction, to forking, to sending out branches, to intei- 
ruption, etc. 2. The humeral tracts (pf. Jininrralis ; Lat. hnnerus, 



the shoulder, or U})])cr-arni bone ; Fig. 2 1, 2), always jiresent, one 
on each Aving ; they a,ie narrow bands, running Irom the shoulder 
obli(|uely baidvAvard upon the upper-arm bone, j)arallel Avith the 
shoulder-blade. The femoral tracts {pi. femuraJes ; Lat. femur, 
the thigh; Fig. 21, 3); a similar obli<|iie band upon the outside of 
each thigh, but subject to great \'ariation. 4. Tlui ventral tract 
(pf. irnfnfiis : Lat. rmicr, the lad ly ; Fig. 24, 8), Avhich forms most 
of the plumage; on the under ])art of a bird, commencing at oi‘ near 
the throat, and continued to the A'ent ; like the dorsal tract, it is 
veiy variable, is usually bifurcate, or forked into right or left 
halves, Avith a median apteiiiim, is broad or narroAA^, branched, etc.; 
thus, Nitzsch enumerates scAamteen distinct modifications. The 
foregoing are mostly isolated tracts, that is, bands nearly surrounded 
by complementary aptcria ; the folIoAving arc, in general, continu- 
ously and uniformly feathered, and thus practically equivalent to 
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the part of the ])ody they represent : Thus, 5, the head tract (p(. 
aipitalis ; Lat. caput ^ capitis, head ; Fig. i) clothes the head, and 
generally runs into the beginning of Imtli dorsal and ventral tracts. 
6. The wing tract (pt. atari s ; Lat. uA/, wing ; Fig. 24, 5) repre- 
sents all the feathers that grow upon the wing, excepting those of 
the humeral tract. 7. The tail tract {pt. caudalis ; Lat. cauda, tail ; 
Fig. 24, 6) includes the tail-feathers [woper and their coverts, and 
those about the eheodochon, and usually receives the termination of 
the dorsal, ventral, and femoral tracts. 8. The leg tract {pt. 
crnralis ; Lat. erns^ cruris, leg; f4g. 24, 7) clothes the legs as far as 
these are feathered, Avhich is generally to the heel, always ])elow 
the knee, and sometimes to the toes or even tlui claws. — 1 lu'ed not 
enumerate the aptcria, as tlu‘se arc mer(4y the complements of the 
pteryhe. The highly inqiortaiit special “ ilight-feathers ” of the 
wings and ‘‘rudder-feathers’’ of the tail are to be examined ])eyond, 
in describing those iiKmibcrs. 

Endysis and Eedysis. — Putting on and off Plumage. — Kewl}' 
liatched birds are coviired for some time with a kind of down, 
entirely dillereiit from such featlun-s as they ultimately ac({uire. 
It is scanty, leaving much or all of the body naked, in most atfridaf 
birds, such as are I'cared ])y the ])a rents in the luist (Lat. atfru', 
female nourislier) ; but thick and pulfy in some yl (trices, and in all 
Prfvcoces (Lat. pnccirc, })recocious) which run a,l)Out at birth. Since 
many birds which reipiii'c to be reared in the nest wva also hatched 
clothed, or very sjieedily become downy, a, more exact distinction 
may be drawn by using the terms pfiiitpa’dic and psito/urdic (LIr. 
iTTiXav, ptilo/i, a feather ; i/'iAos', j>sit<fs, bare ; and yrafk, pais, a, child) 
respectively for those liirds which arc liatched h^atherial or naked 
— a chicken and a camiry-bird are familiar examples. It is the 
rule that the higher birds arc born helpless and naked, reipiiriiig to 
be reai*ed in the nest till Their feathers grorv ; tlic reverse with 
lower bii'ds, a,s the Ava, Iking, wading, and swimming kinds. It 
oders, however, many (‘xceptions ; thus, no birds arc more naked 
and helpless at birth than young cormorants. Probjibly all [ira'- 
cocial birds are also ])tilopa'dic, and all ji.silopaulic birds altricial ; 
but the converse is fai* from holding good, many Attriers, as hawks 
and OAvls, being also ptilopaidic. In other Avords, psilopiedic liii'ds 
are always altricial, but ])tilopa3dic birds may be eitlu'.r altricial or 
puecocial. In any case, true feathers are soon gained, in sonn* 
days or Aveeks — those of the Avings and tail being usually the first 
to sprout. The acipiisition of plumage is called ctah/sis ((h-. 
endusis, putting on). The reiicAval of plumage is a process familiar to 
all, in its generalities, under the term “ moult,” or ccdi/sls {Gi\ € Kevins, 
chlusis, putting off). Feathers arc of such rapid groAvth, and make 
such a drain upon the vital encrgie.s, that avc easily understand hoAV 
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critical arc periods of tlic change. The first plumage is usually 
worn hut a short time ; then another more or less comi)lcte change 
commonly occurs. The moult is as a rule annual ; and in many 
cases more than one moult is recjuired l)cfore the bird attains the 
perfection of maturity in its feathering. It is well known how 
(lilierent many l)ir(ls are the first year in their coloration from 
that afterward acquired. Sometimes changes progress for scA^eral 
years; and some birds ap])ear to liave a period of senile decline. 
All such (‘hang(*s aie nece.ssarily c()nn(?cted, if not with actual 
moult, as is the rule, then at any rate with wear and tear and 
repair of tlie ])luniage. Tin* first plumage ])eing gained, under 
whatcv(ir conditions ]>eculiar to the species, it is the general rule 
that birds are subject to YukjIo or atinnal moult. This commonly 
occiu“s in file fall, when tluj duties of incubation are concluded, and 
the Avell-Avorn ])lumag(i most needs reneAval. iMany, however, moult 
twice a year, the additiotial moult usually occurring in the spring- 
time, whenvi fresh nuptial suit is acajuired ; in such cases the moult 
is said to be donhlr or fSuch additional moult is 

generally incomplete ; that is, all the feathers are not shed and re- 
newed, but more or fewer new ones are gained, with more or less 
loss of the old ones, if any. The inost striking ornaments donned 
foi* the breeding season, as the elegant plumes of ma,ny herons, are 
usually wonj hut a. brief time, being duffed in advance of the 
general fall moult. A few birds, as the ptarmigan (fjtfjoj/us), 
regularly have even a, third or fri/i/e moult, shedding many of their 
feathers as usual in the early autumn, then changing entirely to 
puia* white for the Avinter, then in sjwing moulting completely to 
assume their wedding-dress. As a. rule, feathers arc moulted so 
gradually, particulai’ly those of the wings and tail, and so simultane- 
ously upon right and left sides of the body, that birds are at no 
time deqtrived of the j)ower of flight. The first Jliijht-fiuthns 
ac(pn'red by young bii*ds are usually kept till the next season ; but 
ill those that fly very early, before they arc half-grown, as so many 
gallinaceous birds do, their first Aveak wing-feathers are included in 
the general moult Avhich occurs to young and old in the fall. The 
duck tribe ofl(‘r the remarkable case that they drop their Aving- 
(piills so nearly all at once as to be for some time deprived of the 
})ow('r of flight. It is (juite certain that nmny birds change the 
colours of their ])luniage remarkably, Avithout losing or gaining any 
feathers, by some process Avhich affects the texture of the feathers, 
such as the shedding of the barbicels and booklets, or its pigmenta- 
tion, or by such processes combined. The male bobolink (JJolichonyf 
on/.:ironis) changes from the buff* dress of the female to his rich black 
suit Avithout losing or gaining any feathers, a process Avhich is called 
aptosoch rornatinin. It is difficult to lay doAvn any rules of moulting 



SEC. Ill 


EXTERIOR PARTS OF BIRDS 


133 


for particular groups of birds, since birds very closely related diifer 
greatly in respect to their changes of plumage ; and tlie su])jcct 
has not yet received the attention its interest and importance 
should claim for it. The physiological processes i;ivolved are 
analogous to those concerned in the shedding of the hair of 
mammals and the casting of the cuticle of reptiles. 

Plumage-ehanges with Sex, Age, and Season. — Aside from 
any consideration of the way in Avhich plumage changes, whether 
l)y moult or othorAvisc, the fact remains tliat most birds of tlui same 
species differ more or less from one another according to certain 
circumstances. The dissimilarity is not only in coloration, thougli 
this is the usual and most pronouncetl dilfcrence, but also in the 
degree of the development of idumes — their size, form, and textuie. 
Since young birds arc those Avhich haA'C not coim^. to si^xual vigour ; 
since breeding recurs at regular perio<ls of the year ; and since 
males and females usual!}" differ in idumagc, ncaVly all the various 
dresses Avorn by different indiA'idiials of the same sp(‘'>ies ai'C cor- 
related Avith the conditions of the reproductive system. As the 
internal generative organs r(‘pres(‘nt of course the essential or 
pr'umn')/ sexual characters, a.ll those features of the plumage just 
indicated may be ])ro[)erly classed as ^cnnahn'ii rlnfrarh'rs. 

'riiese are of great importance, not oidy in practical ornitholog}", 
but as the basis of some of the soundest vicAvs that liavci been 
advanced respecting the evolution of specific chain cteis in this class 
of animals. The generalisations may be made : th:it Avhen the 
sexes are strikingly different in plumage, the young at first rcsembh? 
the female ; Avhen the adults are alike, the young ai’o diflfirent from 
eitlnu ’ ; Avhen sejisonal changes arc great, the }'Oung resemble the 
fall plumage of the parents ; and further, that Avhen the adults of 
two related species of the same genus are nearly alike, the }'oung 
are usually intermediate, t*licir sp(‘cific chaiJicteis not being fully 
developed. Specific chai’actcrs are often to bo found only in the 
male, the females of tAvo related sjx'cies being scarcely distinguish- 
able, though the males may be told a])art at a glance. k]xtraor(linary 
develo])ments of feathers, as to size, shape, and colour, are often 
confined to one sex, usually the male. The more richly, exten- 
siA"cly, or peculiarly the male is adorned, the sim])ler the female in 
comparison, as the peacock and peahen. DarAvin has formulated 
the several categories of s(*condary sexual characters, giving the 
folloAving rules or classes of cases : “1. When the adult male is 
more beautiful or conspicuous than the adult female, the young of 
both sexes in their first plumage closely resemble the adult female, 
as Avith the common foAvl and peacock, or, as occasionally occurs, 
they resemble her much more closely than they do the adult male. 
2. When the adult female is more conspicuous than the adult male. 
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as somotimcs, though rarely, occurs [chiefly witli certain birds of 
prey and snipc-likc liirds], the young of both sexes in their first 
plumage resemble the adult male. 3. When the adult male 
resembles the adult female, the young of both sexes have a peculiar 
first plumage of their own, as with the robin [usual]. 4. When th(i 
adult male resembles the adult female, the young of both sexes in 
their first plumage resemble the adults [unusual]. 5. When the 
adults of both sexes have a distinct winter and summer plumage, 
wlicther or not the male differs from the female, the young resemble 
the adults of both sexes in their winter dress, or much more rarely 
in their summer dress, or they resemble the females alone. Or the 
young may have an intermediate character ; or again, they may 
differ greatly from the adults in both their seasonal plumages. C. 
In some few cases the young in their first plumage differ from each 
()thei‘ according to sex ; the young males resembling more or loss 
closely the adult males, and the young females more or less closely 
the a(lult fcjuales.” — {Dvi^c.. of ed. 1881, p. 4GG.) 

\). Tiik TopocjRArjiY OF IItrds. 

The Contour of a Bird Avith the feathci’s on is s])indlc-shaped 
or fifsifonii. (Lat. /’//.sv/s, a s[)indle), tapering jit both ends ; it 
represents two cones joined base to base at the middle or greatest 
girth of the body, tapering in front to the tij) of the bill, behind to 
the end of the tail. Tlie obvious design is easiest cleavage of air 
in front, and least drag or Avash behind, in the act of flying. This 
shape is largely iiroduced by the lay of the jilumage ; a naked bird 
presents several ])roniinences and dc])ressions, this irregular contour 
being reducible, in general terms, to two spindles or double cones. 
The head tapers to a point in front, at the tip of the bill, a-nd 
contracts behind, toAvard the middle of the neck, in consef{Ucnce of 
diminution in bulk of the muscles by Avhich it is slung on the neck; 
Avhich last is someAvhat contracted or hour-glass-shaped near the 
middle, SAvelling Avhere it is slung to the body. The body is largest 
in front and ta])ors to the tail. The 

Centre of Gravity is admirably preserved beneath the centre 
of the body, and op])ositc the points Avhere it is supported by the 
Avings. Tlie enormous breast -muscles of a bird are among its 
heaviest parts, sometimes weighing, to speak roundly, as much as 
one-sixth of the Avhole bird. Noav these are they that effect all the 
movements of the Avings at the shoulder-joints, lifting as Avell as 
lowering the Avings. Did these pectoral muscles pull straight, the 
lifters of the Aving Avould have to bo above the shoulder-joint ; but 
they all lie beloAV it, and the lifters accomplish their office by 
running through pulleys to change the line of their traction. They 
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work like men hoisting sails from the deck of a vessel ; and thus, 
like a ship’s cargo, a bird’s chief weight is kept below tlie centre of 
motion. Top-heaviness is further obviated by the way in which 
birds with a long heavy neck and head draw these parts in ujion 
the breast, and extend the legs behind, as is well shown by the 
attitude of a heron flying. The nice adjustment of l^alancc by the 
variable extension of the head and feet is exactly like that produced 
in weighing by shifting a weight along the arm of a steelyard ; 
and together with the slinging of the chief weight under tlic wings 
instead of over or even between them, enables a bird to easily keep 
right side up in flight. Tlic 

Exterior of a Bird is divided for purposes of description into 
parts : — 1. Tlic head (Lat. caput)-, 2. The neck (Lat. coUum); 
3. Tlie body proper, or trunk (Lat. iruncus) ; 1. ’Fhc bill or beak 
(Lat. rostrum) ; 5. The wings (Lat. pi. ttla) ; G. d’he tail (LaL cauda); 
7. The feet (Tjat. })!. pedes). Of these, 1, 2, 3, the head, neck, and 
trunk, arc collectively termed the body (Lat. corpus)^ in distinction 
from 4, 5, (J, 7, which are the 'members (Tiat. pi. membra). The 
wings a-nd feet arc of course double or paired jiarts. The bill is 
strictly but a part of the head ; but its manifold uses as an organ 
of prehension make it functionally a hand, and therefore one of the 
“ members.” The 

Head has the general shape of a four-sided iiyramid ; of which 
the base is applied to the end of the neck, therefore not appearing 
from the exterior, and the ap(,‘x of which is frustrated at the base 
of the bill. The uppermost side is more or less convex or vaulted, 
sloping in every direction ; the under side is flattish and horizontal ; 
the lateral surfaces are flaftish and vertical ; all similarly taper 
forward. The de})artures from any such t}'[)ical shape are endless 
ill degree and variable in kind, giving rise to numerous general 
descri[)tive terms, such As “head ilattened,” “head globular,” but 
not susce[)tible of exact definition. The head is moulded, of course, 
upon the skull, corresponding in a general way to the brain-cavity 
of the cranium proper, lioth in size and sha]ie ; but it differs in 
several particulars. In the first ])lace, there is the scaffolding of 
the jaws; secondly, large excavations to receive the eyeballs, and 
smaller ones for the ear-parts ; thirdly, muscular masses overlying 
the bone ; and lastly, in some birds, large hollow spaces in the liom^ 
between the inner and outer tables or jilates of the cranial 'walls. 
Each side of the head presents two o})enings for the eye (Lat. and us) 
and ear (Lat. auris), the position of which is variable, both absolutely 
and in relation to each other. But in the vast majority of birds, 
the eye is strictly lateral in situation, and near the middle of the 
side of the head ; while the ear is behind and a little below the 
eye, near the articulation of the lower jaw. But the shape of the 
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skull of owls is such, that the eyes are directed forward, and such 
birds arc said to have “ eyes anterior.” Owls also have enormous 
outer cars, in some cases jirovidcd with a movable Hap or conch, 
closing upon the opening like the lid of a box ; in many cases the 
ear-parts, and some of the cranium itself, being unsymnietrical. In 
most birds the ear-opening is quite small, and only covered by 
modified feathers, the ear-coverts or (Vtrindars. In the woodcock 
and snipe, owing to the way the brain-Viox is tilted up, the ears are 
below and not behind the eyes. The month (Lat. as*, gen. oris) is 
always a fissure across the front of the head. The cleavage varies, 
both in extent and direction ; the latter is usually horizontal, or 
neai ly so, but may trend much downward ; the former varies from 
a minimum, in Avhich the. cleft does not reach back of the horny 
part of the hill, as in a snipe, to the maximum seen in fissure-billed 
birds like the swifts and goatsuckers, which gape almost from ear 
to ear. There are no other openings in the head proper, for the 
nostrils are always in the bill. The 

Neck, in cHcct, is a simple cylinder, rendered somewhat hour- 
glass-sluqied, as abova'. said. It consists of a movable chain of 
boiKss, the cerricifl rrrlrhrcc (Lat. crrrixj the neck ; rerto, I turn) 
enveloped in muscle, along which in front lie the gullet (Lat. 
(vso'))Ji(((jus) and windpipe*- (Lat. trarlfca), with associate blood-vessels, 
nerves, etc. Its length is very variable, as is the number of its 
bones, the Litter ranging from 8 to about 20. Bearing as it does 
the head, with the hill, which is the true Innid of a bird, the neck 
is extremely Ih^xible, to permit the necessarily varied movements 
of this handy mend.)er. Its least length ma}* be said to be that 
which allows the point of a bird’s ])eak to leach the oil-gland on 
the rump ; its greatest length som(‘times exceeds that of the body 
and tail together, as in the case of a swan, crane, or heron. The 
length is usually in direct ])roportion to that of the legs, in obvious 
design of allowing the beak to touch the ground easily to pick up 
food. The neck is habitually carried in a- double curve, like an 
open S or italic J] the lower l»elly of the curve, convex forward, 
fitting in b(‘tween the forks of the merrythought (Lat. fnirnlnm), 
the upper curve holding the head horizontal at the same time. 
This “sigmoid flexure” (sn/z/a/, Greek S), highly characteristic of 
the bird’s neck, is produced l)y the saddle-shaping of the articular 
surfaces of the several hones. The mechanical arrangement is such, 
that the sigma may be easily bent till the u[)per end (head) rests on 
the lower convexity, or as easily straigliteued to a right line ; but 
little if any fui’ther deviation in opposite curvature is permitted. 
As a generalisation, the neck may be called relatively longest in 
wading birds, as herons, cranes, ibises, etc. ; shortest in perching 
birds, as the great majority of small Fasseres ; intermediate in 
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swimmin^^- birds. But many swimmers, as swans and cormorants, 
have extremely long necks ; and some waders, as plovers, have 
very short ones. A long neck is a rarity among the higher birds 
(above the Gallimv), in most of whicli the head seems to nestle ii])on 
the shoulders. The longer the neck, the more sinuous and flexible 
is it likely to be. Anatomically, the neck ends in front at the 
articulation of the oilai^ (first cervical vertebra) with the skull, and 
behind at the first vertebra which liears free jointed riljs reacliing 
the sternum. (Sec also ^ 1 , jlnatonnf) The shape of the 

Body proper, or Trunk, is obviously referable to that of the 
egg ; it is orak (Lat. ovain^ an egg ; Avhenci^ oral, the iilanc figure 
I’cjiresentcd by the middle lengthwise section of an egg ; oratu or 
orohl^ the solid figure). The swelling of the breast ri'preseiits the 
greatest diameter of the egg, usually near the larger end. Hut the 
ovoid is never perfectly expressed, and de])artures from the ligure 
are iiumhcrh^ss. In general, the highei- ])erching hii’ds have the 
body nearly of the ovate shape ; among waders, the figiire is usually 
cowpresml, or flattened vertically, as is well seen in the luu’ons, and 
still better in the rails, where tlie lateral mirrowing is at an extreme; 
among swimmers, the body is always more or less or 

flattened horizontally, and es])ccially umha’iieatli, that the birds 
may rest on the water with mon^ stal)ility, as Avell shown by a duck 
or diver. Anatomically tlie ])ody begins with the foremost dorsal 
or thoracic Tcrtchra\ or those that bea,r true ribs ; laterally, it ceases 
(piite definitely at tlie shoulder joints, the whole of the fore limb 
being outside the general content of the trunk ; behind, in the 
middle line, it includes everything, only the tail-/W///n'/w themselves 
being beyond it ; behind and laterally, it includes more or less of 
the legs, for these are generally buried in the common intijgumeiit 
of the body to the knee-joint, nearly or (piite so, and sometimes to 
the heel-joint ; though in anatomical sti'ictncss the trunk should be 
limited by the hi])-joint. The rib-bearing ])art of the back-l)one, 
the ribs themselves, and the greatly enlarged breast-bone (Lat. 
sternum) compose the Avails of the chest (Lat. thorax). Upon this 
bony box, Avhich contains the heart and lungs and some other 
viscera, are saddled on each side the bones of the shoal iJcr-ijirdlc or 
scapular arch, namely, the shoulder-blades scapuhr)^ iha confcoids, 
and tlie collar-bones (Lat. claricala), all three of Avhich, on each side, 
come together at the shoulder-joint (Figs. 1, 2). The thoracic cavity is 
not so])arated by any partition or diapJmajm from that of the belly 
(Lat. abdomen), Avhich Avith the pedris, or basin, contains the digestive, 
urinary, and genital organs. The pelvis is composed, in dorsal 
mid-line, of so many of the vertebne (dorso-lambar, sacral projier, and 
urosacral), as become immovably joined to one another, and latcr- 
of the confluent haunch - bones. The numerous aiichylosed 
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(or confluent) vcrtehrre compose tlic sacnm. The haunch-hones or ossa 
innorninata consist on each side of three bones, Hi inn, ischium, and 
pubis, in adult life more or less Y)erfectly anchylosed. Where they all 
three come together is the hip-joint. The remaining bones, usually 
included among those of the ])ody proper, are the corci/fieal or caudal 
vertelme, (For anatomical dctaJls see beyond, under Ostwlmpj, etc.) 

Topography of the Body. — Besides being thus divided into 
head, neck, trunk, and mcmliei’s, the exterior of the body is further 
subdivided or mapped out into rafums for the purposes of description. 
It is necessary for the student to become familiar with the “ topo- 
graphy ” of a biid, as this kind of maj)ping out may be called, for 
tile nam(‘s of the regions or outer areas arc incessantly used in 
ordinary descrijitivc ornithology. Many more names have been 
ajijilicd tlian are in common use ; I shall try to define and explain 
all tliose which are usually (unployed, beginning with the parts of 
tlic hodi), ending witli those of the members. 

% 

1. JUujious (ff the JumI//. 

Upper and Under Parts. — Draw a line from the corner of the 
mouth along tlui side of the head and neck to and through the 
shoulder-joint and thence along tlie side of the body to the root 
of the tail ; all above tliis line, including the upper surfaces of the 
wings and tail, are upjfrr jutris ; all below it, including under 
surfaces of wings and tail, are umJer jxtrls for which the short 
words “above” and “below” often stand. The distinction is 
purely arbitrary, Init so convenient as to lie practically indispens- 
able. It will be seen bow an otherwise lengthy description, 
enumerating parts that lie over or under the “lateral line,” can be 
])ut in so few words as, for exa.m})le, “above, green ; below, yellow.” 
Many birds’ colours have some such sim])le general distribution. 
These parts are also the dursul (Lat. dorsum, ba,ck) and central (Lat. 
venter, belly) surfaces oi* aspects. The upper parts of the body 
proj)er, or trunk, have also rciceived the general name of notemini 
(Dr. roiTos', notos, back) ; the under j)arts, siinilarly restricted, that 
of ijastrauim (Gi-. yturr/jf), paster, belly) : but these terms are not 
much used. These two are never mdxd, while l)oth head and neck 
may be variously bare of featluu's. The only exception is the 
transient condition of certain birds during incubation, when, like 
the eider-duck, they pull off feathers to furnish the nest, or when 
the plumage, as usually happens, wears off. The gastrasum is 
rarely ornamented with feathers different in texture or structure 
from those of the plumage at large ; but such a case is furnished 
by Lewis’s woodpecker {Asyndesmus fonjuatus). The notamm, on 
the contrary, is often the seat of extraordinary development of 



SFX. Ill 


EXTERIOR PARTS OF BIRDS 


139 


feathers, cither in size, shape, or texture, or all three of these 
([ualities ; as tlie singularly elegant dorsal plumes of many herons. 
Individual feathers of the noticum arc generally pennaccoiis, and 
for the most part straight and lanceolate ; and as a whole lie 
smootldy shingled or iinhrkateiL The ventral feathers are usually 
more largely pluniulaceous, and less flat and imbricated, but even 



Fic. 2.'<. — To]tOi;i'a]»liy (if a Uird. 1 , foi’dicad (y/v(«.s'). 2, :!, ('ircuiiidCMilar 4, 

ci'nwii (v't'/V/'i). eye. (i, liiiid 7 , u:\]>r (mu lid). S, hind iit‘ck ((Vi’i'm). W, sidn 

of 10, iidcrsca]»ular rt'iiion. 11, <l<>rsviii, (ir haok i*roiicr, iiududin.u 10. 12, imfiruni, or 

ujilici' part <il' hotly iiropcf, incliidin'r 10, 11,. and i;;. i:i, riiinp M, njipcr tail- 

c'omtIs. IT), lad. 1(5, under lad-coxei-ls (rw/.sM////). 17, larsn',. IS, ahilonien. 10, I'ind hx; 

(li(iUu.ii). 20, includin,if IS and 21. 21, (inter or Idurth toe. 22, iiiiddh', or third toe. 

2;;, .side of the hody. 2-1, breast (/« <4// .s). 2.‘), piiinaries, 2t’., seeondaiaes. 27, ten’tiarios ; Nos. 

2'i, 20, 27 are all iriniiin^. 2S, jniinary eoverls. 20, otif/o, or bastard svin'4. :;o, greater eoyerts. 
31, median eoverls. .22, les.ser eovei f s. the “ Ihro.at,” ineinding :il, :;7, 3S. at, 1 niful mil nr 
lower throat. iWi, anrienIar.■^. malar region. 37, niild, or middle lhro;il. .‘)S, ninitmu, or 
cliin. ao, angle of commissure, or eoriier of inonlli. 10, r.imns of iimim- mandible. 41, sid(^ 
of under niamhble. 42, tjnum. 43, oy/er, or tip of bill. 44, /(1////0, or cull iiig edgi's of the bill, 
la, cidi/icii, or ri(lg(? of npiier niandibh', I'oiv, sp.-.nilmg to gonys. lb, .sidt* of upjier niandibh*. 
47, no.stril. 4.S passes aciaiss the hill a litM- in ll<■nl ii-. Im^i. 


more compact, that is, tliicker, than those of the upper parts ; 
especially among water birds, where they are more or less curly, 
and very thick-set. There are subdivisions of the 

NotSBum. — Beginning where the neck ends, and ending where 
the tail-coverts begin (see Big. 25, 12), this part of a bird is sub- 
divided into hack (Lat. dorsam; Fig. 25, 11) and ruiai) (Lat. uropij- 
(jiuai ; Fig. 25, 13). These are in direct continuation of each other, 
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and their limits arc not precisely defined ; the feathers of both are 
of the ptmjla dorstdis. In general, we should call the anterior two- 
thirds or threc-fourtlis of notseum ‘‘back,” and the rest “rump.” 
With the former are generally included the scapular or shoulder- 
feathers, .smirnfani or ; these are they that grow on the 

2 derylce hunif^ralrs. Tlie region of notieum they I’ejirescnt is called 
the srjfjmhirrj and that part of notieum strictly between them is 
called the inlrr^^aipnhu'p. (Fig. 25, 10); it is often marked, as in the 
house sparrow, with streaks or some other distinctive coloration. 
A part of dorsum, lying between interscapuhii’e and uroj)ygium, is 
sometim(\s recognised as the “lower back” (Lat. terijinn) \ but this 
distinction is not [)r;ictically useful. To iiropygium jwobably also 
belong the hiathers of the ptinijbn Jhnomle.'ij or at any rate these are 
commonly included with the rump in descriptions ; but they more 
])mpei*ly re[)resent the flunks (Lat. iliff, or lii/j)och()ii(lria) ; that is, 
sides of the rump. They are sometimes the scat of largely 
dcvclo])cd or tothci’wisc [leculiarly modified feathers, as the snowy 
(lank-plumes of the white-bellied swift {Pa iifijdiht saxatilis) or violet- 
green swallow {T(irJii/rinG(t, lhnlnssm(i\ which meet over the riini]). 
The whole of notamm, taken together with the up]icr surfaces of 
the wings, is called the 'iiuiitHo. {\a\L sfraffulum, a cloak); often a 
convenient term, as, for cxamjdt', in doscrihing gulls and terns. In 
like maniKir, the 

Gastraeum is subdivided into I’cgions, called, in general terms, 
breast (Lat. 'pectus ; Fig. 25, 21), belbi (Lat. alifloiuen : Fig. 25, 18), 
and Sides of the hody 'pleunv : Fig. 25, 23). The “sides” or 
pleuiw belong really as much to the dorsal as to the ventral aspects 
of a bird’s body ; hut in conseijuence of the underneath-freighted 
sliaiie, the line we drew j)asses so high u[) along them, that they 
are almost entirely given over to gastraaim. The breast begins over 
the merrythought Avh(*rc jugulum (sec beyond) ends ; on either 
hand, it slopes up to “sides”; behind, its extension is indefinite. 
It should ])roperly reach as far as the breast-bone does, to the limit 
of the thorax ; but in many birds this would leave almost nothing 
for abdomen, and the limit Avould moreover fluctuate with almost 
every family of birds, the sternum being so variable in length. 
Practically, therefore, without reference to the breast-bone, “ breast ” 
01 ’ 'pectus is restricted to the sicetliiaj anterior part of gastraium, 
which we call belly or abdomen as soon as it begins to straighten 
out and flatten. Abdomen, like pectus, rounds up on either hand 
into sides ; behind, it ends definitely in a transverse line passing 
across the anus. It has been unnecessarily divided into epigastrium 
or “ pit of the stomach,” and renter or lower belly ; but these terms 
are rarely used. (Crissuin is a word constantly used for some in- 
definite region immediately about the vent ; sometimes meaning 
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the flank, sometimes the vent-feathers or under tail-covcrts proper ; 
I refer to it again in connection with these last.) Though these 
boundaries seem fluctuating and not perfectly satisfactory, a little 
practice will enable the student to a|)j)reciatc their proper use in 
descriptions, and to employ them himself with suflicient accuracy. 
The adjectival terms are respectively pectoral^ ahtloiiiinal^ and lateml. 
The anterior continuation of the trunk, or the 

Neck (Lat. collum) is likewise suhtlividetl into regions. Its 
lateral aspects, excej)t in those birds that have lateral neck-tracts 
of feathers, are formed by the meeting ovei- its sides of the feathers 
that grow on the dorsal and ventral })teryhe, the skin being usually 
not planted with feathers. I'artly on this account, perhaps, a dis- 
tinctively named region is not often cx})ressed ; we say simply 
“sides of the neck,” or “neck laterally” {jHiniHckviiia ; Fig. 25, 9). 
The neck behind, or the dorsal (up))ei‘) as])ect, is divider! into two 
])ortions : a lower, the “liind neck” jwoper, or “ scrulf of the neck” 
(Lat. ccrd.r ; Fig. 25, 8), next to the back ; and an ip)pcr, or “nape 
of the neck” (Lat. nncli(t : Fig. 25, 7), adjoining tin? hind head. 
These are otherwise respectively known as the cerriad and nuchal 
region; and, in speaking of both togetlun*, we usually say “the 
neck behind.” The front of the n(‘ck has ])een lu'cdlessly sub- 
divided, and these subi’egions va-ry with almost every writer. It 
sufiices to call it thnnd (Lat. guhf, Fig. 25, 57, ov juguluni, 54-); 
remembering that the jugular portion is lowermost, vanishing in 
Ineast, and the guJar ui>permost, running into chin along the under 
surface of the head. Uuiiur is a term sometimes uscal to include 
gula and jugulum together: it is sim])ly e(jui valent to “throat,” as 
just defined ; the adjectivaj is guflun/l. Though g(‘nerally covered 
with feathers, the neck, unlike the ti unk, is frefjuently partly naked. 
When naked behind, it is usually cervix that is bare, as so charac- 
teristically occurs in hetons, from interruption of the forward 
extension of the ])teiyla spinalis. Nucha is seldom if ever naked, 
except as an extension of general bald-headedness. Gula is 
similarly naked from above downwards, as consj)icuously illustrated 
in the order Stcgano}?od(\% comprising the pelicans, cormorants, etc., 
which have a bare gular ])ouch ; and as seen in many vultures, 
whose baldness extends over nucha and gula, and even all around 
the neck, as in the condor, whose nakedness emls with so siiigular 
a collar of close-set, downy feathm-s. The lower throat or jugulum 
becomes naked in a few birds, in which a distended crop or craw 
protrudes, pushing apart feathers of two branches of the idergki 
ventralii^ as these ascend the neck. The rule is, that the neck is 
not the seat of enlarged or otherwise highly developed feathers, 
Avhich might restrict the requisite freedom of its motion ; but there 
are some signal exceptions, among which may be instanced the 
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grouse family. The ruflcd grouse^ has a singular umbrella-like 
tuft on each side of tin; neck : the pinnated grouse - has still more 
curious winglets in the same situation, covering bare distensilde 
skin: the sharp -tailed grouse^ is in somewhat similar but less 
pronounced case; while the cock-of-the-plains has some extra- 
ordinary jugular developments of feathers in connection with his 
subcuta-neous tympanum. Cervix proper almost never has modified 
feathers, but often a transverse coloration dilferent from that of the 
rest of th(j upper })arts ; when cons[)icuous, this is called “ cervical 
collar,” to distinguish it from the guttural or juguhir “collars” or 
rings of colour. Nucha is frecpiently similai’ly marked with a 
“nuchal baaid ” ; often special developments there take the form of 
leiiflthcniiKj of the feathers, and we have a “nuchal crest.” IMore 
particularly in birds of largely variegated colours, guttur and 
jugulum arc marked JpngfJunse with stripes and streaks, of Avhicli 
those on the sides are a])t to be dilferent from those along the 
middle line in front. Jugulum occasionally has lengthened feathers, 
as in many Microns. Ilighei’ up, the neck in front may have 
variously lengthened or otherwise modified feathers. Conspicuous 
among these are the / ?(//>, or tippets, of some birds, especially of the 
gi*(d)C family {PinlkijicdUhr)^ and, above all other English birds, of 
the male rulf {Muchctc^ jj/fguifx). Jhit these, and a few other modi- 
fications of the feathers of the U]>per neck, are more conveniently 
considered AAuth those of the 

Head. — 'riiough smalhu- than any of the areas already con- 
sidered, the h(^ad has been more minutely ma])ped out, a.n(i much 
detail is reapiired Ijy the number and importance of its recognisable 
parts or legions. AVithout intending to mention all that have 
})een named, I dc^scribe all neiuled to be known for any practical 
purposes. 

“ To]) of the head ” is a collective torih for all the u])])er surface, 
from bas(‘ of bill to naju*, and laterally to about the level of the 
upper l)or(ler of the eyes ; this is the jdkidii or “cap” (Eig. lio, 1, t, 
G) ; it is divided into three poitions. The foirJipdil, or frontal 
region, or simply “the front” (Lat. fron>i; Eig. ‘25, 1), includes all 
that slopes upward from the bill, — generally to about opposite the 
anterior border of tin; eyes. Middle head or crown (Lat. eMroaa) or 
reefex (Lat. Eig. ‘25, 1) includes the top of the head proper, or 
high(‘st part, from the rise of the forehead to the fall of the hind- 
head toAvards nucha. This slope is the hind-head, or occiput (Lat. 
Eig. 25, 6). The lateral border of all three constitutes the super- 
ciliary line, that is, the line over the eye (Lat. saiwr, ov^er ; cilia, 

^ Ikmasa vmhdlus, wliieli closely resembles tlie European liazel -gi’ou^e, Ik 
hduliiin. “ Cnjddoiii(t ciqvilo. 

^ Pfdioxdes 2)hasit(nenus. ^ Ccnli'occi'CHs i/wjdmsianus. 
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little hairs, especially of the brows). “Crown’’ is often used as 
the same thing as i)ileum. The adjectives of the several words are 
frontal, coronal or vertical, and occipital: pileiim has none in use 
coronal being said instead. 

“Side of the head” is a general term defining itself; it presents 
for consideration several regions. The orbital or circnni-orhital rt'gion, 
or simply the orbit (Lat. orbh, an orb, here the socket of the eyeball ; 
Fig. 25, 3), is a small space forming a ring around the eye. It 
includes the eye, and esi)ecially the eyelids (Lat. p(]j)ebrcc). The 
j)oints where these nuK't, in fi-ont and behind, resj)cctivcly, are the 
an^terior canthns and jmtcrior canthns (Or. kuMs', kantJtor, Lat. canthnr, 
a tire). The orbital region is .subdivided into snjn'a -orbital, infra- 
orbital, ante-orbital, and pod-orbital, according as its U})[)er, under, 
fi'out, or back portion is desired to be s])ceially designated. The 
situation of the orbit Aaries much in diHeitnit gr()n])s of birds; it is 
generally midway, as said abov(‘, but may be highei' or loAver 
pressed on toAvard tlie bill, or pushed far u[) and back, as strikingly 
shown in the Avoodcock {Scolopa,>‘ rndicnUi). in oavIs, the orbital 
region is (‘xagg(‘rated into a great disk of radiating feathers, con- 
ferring a peculiar physiognomy. The aural or auricular (Lat. aurk, 
or auriculum, ear; Fig. 25, 35) i*egion lies about the external 

0] )cning of the car, or nacatu^ ((uiUlorius ; its position vaiies in heads 
of dilferent shapes, l)ut it m^arly always lies behind and a little 
beloAV the eye. WhereA'or locate(l, it may be recognised at a glance, 

1) y the peculiar texture of the f(‘athers (the auricular^) Avhich over- 
lie the meatus. l)oul)tlc.ss to offer least obstacle to sound, these 
are a parcel of loose-Avebbed little t)lunies, Avliich may be collectu^ely 
raised and turned forward, expo.sing tlui orifice of the ear ; tiny 
are extremely large and notable in those owls Avliich hav(^ eoin- 
plicated external ear-parts, and in such they foini part of the great 
facial disc. The term “ teinporal region ” or “ temt)le ” is not often 
used in ornithology, not being aa^cH distinguislKsl from the ])ost- 
orbital .s])acc bcitAveen eye and eai‘, and having nothing special about 
it. At the loAvermost back corner of the .side of the liead, generally 
just behind and bcloAV the ear, may be seen or felt a hanl ])rotuber 
ance ; it is the sharpest corner-stone of the head, Ijcing the ])lace 
where the loAver jaAv hinges ut)on the .skull. This is calhal the 
“angle of the ja,Av;” it is a good landmark, Avliich must by no 
means be confused Avitli the “angle of the mouth,” Avhei’c the horny 
parts of the beak come together. The lore (Lat. lorum, a strap, or 
bridle; hence, place Avhere the cheek-strap passes; Fig. 25, 2) 
includes pretty much all the .space between the eye and the side of 
the base of the upper mandible ; a considei’able part of it is simply 
ante-orbital. Thus Ave .say of a luiAvk, “lores bristly;” and ex- 
amination of a bird of that kind Avill shoAv hoAv large a space is 
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covered by the term. Lore, however, should properly be restricted 
to a narrow line between the eye and bill in the direction of the 
nostrils. It is excellently shown in the heron and grebe families, 
where “naked lores” is a distinctive character. The lore is an 
important place, not only from being thus marked in many birds, 
but from being frequently the seat of specially modified or specially 
coloured feathers. The rest of the side of the head, including the 
space between angle of jaw and Ijill, has the name of cheeh (Lat. 
(jena^ first (‘yelid, then, and giuierally, the prominence under the 
eye formed by the cheek-bones ; Fig. 25, 36). It is bounded above 
by loral, infra-orbital, and auricular regions ; below, by a more or 
less straight line, repi'esenting the lower edge of th(i bony jirong of 
the under mandible. It is cleft in front for a, varying distance by 
th(i backward extension of the gape of the mouth ; above this gape 
is more prop(‘r]y //ry/rq or midai' rctfwn (La,t. upper jaw) in 

strictness; below it jaw {nHtxUhi\ or rather “side of the jaw.” 
The lower e(4ge of tluj jaw definitely separaU^s the side of the head 
from the “ under surface” of the head; proi)erly bounded bc^hind 
by an imaginary line drawn straight across from one angle of the 
jaw to the other, and running forward to a point between the forks 
of the under mandible. As already hinted, “ throat ” (r/y/A/ ; Fig. 
25, 37) (ixtends u])wai(l and forward into this space without 
obvious dividing line ; it runs into chin (Lat. incnftnn ; Fig. 25, 38), 
of which it is only to be said that it is the (varying in extent) 
anterior [lart of the under surface^, of the head. Anteriorly, it may 
1)0 conveniently marked oil*, ()i)posite the point where the feathers 
end on the side of the lower jaw, from the feathery space (when 
any) hcfirccn. tlie branches of the iqiper mandible itself ; this latter 
is called tlu; inlcrrannd space (Lat. intei\ between, nanns, fork). 

The head is so often marked lengthwise with different colours, 
apt to take such deliuite ])Osition, that’ these lines have received 
special names. Mcdhfn rertical line is one along the middle of pileiim, 
from base of bill to nucha : lafmd rrrficfd lines liound it on eitlier 
side. Sujn’rciliar/f line has already been noticed ; below it runs the 
lateral stripe ; that part of it bidore the eye is loral or a-nte-orbital ; 
behind the eye, post-orbital ; when these are continuous through the 
eye, they foian a transocidar (Lat. trans^ across; aadus, eye) line; 
below this is n/alar line, or cheek-stripe (Lat. frennm, a bridle) ; 
below this on the under jaAV, /naxillarf/ or sidj maxillary line; in the 
middle below, vandal (L. inentinn, chin) or rjidar lines. 

No other part of the body has so variable a ptilosis as the head. 
In the great majority of birds it is wholly and densely feathered ; 
it ranges from this to wholly naked ; but nakedness, it should be 
observed, means only absence of perfect feathers, for most birds 
with unfeathered heads have a hair-1 ike growth of filoplumes on the 
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skin. Examples of naked - headed birds are the turkey, tlie 
vultures, the cranes, and some of the Iieron tribe, as ibises. 
Associated with more or less complete baldness, is the frecpient 
2 )resence of various fleshy outgrowths, as coinh, icattles^ carfnicle.% 
lohes^ and jlaps of all sorts, even to enumerate which would exceed 
our limits. The jiarts of the barn-yard cock cxemjdify the whole. 
Sometimes hnnvj plates take the place of feathers on part of the head ; 
as the frontal shields of the coots and gallinules. A very ccunmon 
form of head-nakedness marks one whole order of birds, the Stcijam- 
which have mentum and more or less of gula naked and trans- 
formed into a sort of 2 )ouch, extremely developed in the pelicans, 
and well seen in the cormorants. The ni‘.xt commonest is definite 
bareness of the lores, as in all herons and gi ebes ; in the former 
including the whole circum-orbital region. A little orbital space is 
bare in many birds, as tlic vulturine hawks, and some pigeons ; 
species of grouse have a bai-e warty su^ira-orbital space. Among 
water birds particularly, more or less of the intcrrijinal s])ace is 
almost always iinfcathcred ; the nakedness always 2 )i*oceeds from 
before backwards. 

The o^iposite condition, that of redundant fcatlnning, gives rise 
to all the various crests (Lat. ])1. rr/shr) that form su(;h striking 
ornaments of many ])irds. (h-ests ])rop(‘r belong to the top of the 
head, but may be also hold to include those growths on its side ; 
these together b(‘ing called crests in distinction to the rnHs, rufHcs, 
beard, etc., of gulla or mentum. (h-ests may l)o divided into two 
kinds : 1, Avhore the f(‘a,theis are simidy lengtlieiUHl or otherwise 
enlarged ; and ’2, where the texture, and sometimes even the 
structure, is altered. Nearly all birds possess the pow(‘,r of moving 
and elevating the feathers on tlui head, simulating a slight crest in 
moments of excitement. The general form of a, crest is a full, soft 
elongation of the coronal feathers collectively ; when perfect, such a 
crest is glohalar, as in the Neotro 2 )ical genus Pifrocejdadas ; generally, 
however, the feathers lengthen on the occiput moni than on the 
vertex or front, and this gives us the sim])lcst and commonest form. 
Such crests, when morej>articularly occijntal, are usually conm^cted 
with lengthening of nuchal feathers, and are likely to be of a thin, 
pointed shai)e, as is well shown in the lapwing {J\(U{'llns (‘ristafui^). 
Coronal or vertical crests jiroper are aj)t to b(j ratlna- ditrcient in 
coloration than in S2)ecially marked elongation of the feathers ; they 
are jierfectly illustrated in the goldcrcst, and other sjiecies of the 
genus Itegulas. Frontal crests are the most elegant of all ; they 
generally rise as a pyramid from the forehead, as excellently 
shown in the crested titmouse (Parns cristatns) and others. All the 
foregoing crests are generally single, but sometimes double ; as shown 
in the two lateral occijntal tufts of the “ horned ' lark (Erernophila 

L 
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alpestris), in all the “ horned ” owls, and in a few cormorants. Lateral 
crests are always double, one on each side of the head ; they 
are of various shapes, but need not be particularised here, especially 
since tliey mostly belon<^ to the second class of crests, — those con- 
sisting of tcxturally modified featliers. It is a general, though not 
exclusive, character of these last that tluiy arc tf^nporaiij ; while the 
other kind is only changed with the gemu'al moult, these arc assumed 
for a short period only, the breeding season ; and, furthermore, they 
arc often distinctive of sex. Occurring on the toi) of the head, they 
furnish the most remarkable ornaments of liirds. I need only 
instance the elegant lielniet-like ])lumes of the partridges of the 
genus Lo]thorti/x ; the graceful flowing ti‘ain of Oreortyx ; the some- 
what similar plumes of the night-herons. The majority of the 
cormorants, and many of the auks, possess lateral plumes of similar 
description ; thes(‘, and those of the herons, arc probably — in most 
cases certainly — dee'ubious : while those of the partridges above 
mentioned Ijst as long as the general plumage. These lateral 
plumes, in many birds, especiall}^ among grebes, are associated with, 
and, in tact, coalesce with, the ruffs, which are singular lengthening 
and modifying in diherent ways of feathers of aurieulars, genie, and 
gula; and arc almost always temporary. Heards, or s2)ecial lengthen- 
ing of the mental featlnu's alone, are comparatively rare ] a European 
vulture, GypaHus lutrhafits, is a good example. The feathers some- 
times liecome scaly {stjuamoas), forming, for instance, the exquisite 
gorgclets or frontlets of humming-bii‘ds. They arc often bristly 
(setaceous), as about the lores of nearly all hawks. A jiarticular set 
of luistles, which grow in single series along the gape of many birds, 
are called Q'ktal bristles or ribriss(r. These occur in greater or less 
devclotnnent in most small insectivorous birds ; they are large and 
stiff and highly characteristic of tin; family Musclcapidue or flycatchers; 
while in some of the goatsuckers (Capri tnulguke) they are pro- 
digiously long, and in one species of that family (it ntrostomus 
carol inensis) they have lateral filaments. While usually all the un- 
lengthcned head-feathers point backward, they are sometimes erect 
forming a velvety pile, or they may radiate in a circle from a given 
})oint, as from the eye in most owls, where they form a facial disk. 


Of the Members : tla ir Parts and Organs 
I. THE BILL 

The Bill (Lat. rosirnm) is hand and mouth in one : the instru- 
ment of yirehension. As liand, it takes, holds, and carries food or 
other substances, and in many instances feels ; as mouth, it tears, 
cuts, or crushes, according to the nature of the substances taken ; 
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assuming the functions of both lips and teetli, neither of which do 
any recent birds possess. An organ thus essential to the prime 
functions of birds, one directly related to their various modes of life, 
is of much consequence in a taxonomic point of view ; yet its 
structural modifications are so various and so variously interrelated, 
that it is more important in framing genera tlian families or orders ; 
more constant characters must be employed for the higher groups. 
The general shape of the bill is referable to tlie cone ; it is the 
anterior part of the general cone that we have seen to reach from 
its point to the base of the skull. This shape confers the greatest 
strength combined with tl\e greatest delicacy ; the end is fine to 
apprehend the smallest objects, while the base is stout to manipulate 
the largest. But in no bird is the cone expn^ssed with entire pre- 
cision ; and, in most, the departure from tin's figure is great. The 
bill always consists of two, the upper and tlie lower 

Mandibles (Fig. t2G), which lie, as their names indicate, abovx 
;uid below, and are separated by a horizontal fissure,- '^the mouth. 
Bach mandible always consists of certain 
})rojccting skull-bones, sheathed with more 
or h'ss hoiiif/ integument in lieu of true 
skin. 1^1)0 framework of the Upper iM au- 
dible is (chiefly) a bone called the infer- 
maxillaru, or better, the jnrnai.nllarf/. In 
general, this is a three-pronged or tri[)odal 
bone running to a point in front, with 
the uppermost prong, or foot, implanted 
upon the forehead, and the other two, 
lower and horizontal, running into the 
sides of the slvull. The scaffold of the 
Under Mandible is a compound bone 
called inferior nuLnUan/ ; it is U- or V- 
shaped, with the point or convexity in 
front and the prongs running to eitln?r 
side of the base of the skull behind, to 
be there movably hinged. These two 
bones, with certain accessory bones of the upper mandible, as the iialate 
bones, etc., together with tlie horny investment, constitute the Jinrs. 
Both jaws, in birds, are movable ; the under, by the joint just men- 
tioned ; the upper, either by a joint at, or by the elasticity of the 
hones of, the forehead ; it is moved by a singular muscular and bony 
apparatus in the palate, further notice of which is given beyond, 
under head of Anatomy (Osteology). The motion of the upper 
uiandible is freest and most extensive in the parrot tribe, where 
both fronto-maxillary and palato-m axillary sutures exist. When 
closed, the jaws meet and fit along their apposed edges or surfaces, 
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ill the same maniuir and for the same purposes as the lips and teeth 
of man or otlier vcrtel>ratc animals. All lulls, thus similarly consti- 
tuted, have been divided by the author into 

Four Classes, ]*cpr(\senting as many ivays in ivhich the two 
mandibles close ii[)f)n each other at the end. 1. The epujuafhais 
(Or. eV/, cyy/, Upon, ycdf>os', fj/Kffltos, jaw) way, plan, or type, in which 
the iip[)er inandi))le is longer than tlie under, and its tip is evidently 
})ent down over the tip of the lower. 2. The hjpofjnathous (Gr. 
»Vo, und(!i-), ill whicli the lower niandildc is longer than the 
other. .*). ddie jKn'mfunfjKtus (Gr. Trafui, jxn'a^ at oi* by), in which 
both arii of about (‘qual length, and neither is evidently bent over 
the other. 1. d'he inrtinfiintJuni.'i (Gr. fiera, with, beside, etc.), 

in which tlie points of the mandibles cross each other. The second 
and fourth of tlu‘,s(‘. are (‘.xtremely rare ; they are exemplified, re- 
spect ively, by tli<3 skimmer and the crossbill (genera Hhjjnchopx and 
Lo.rid.). d’he first is common, occurring throughout the birds of 
])rey, the piwrots, and among the petrijls, gulls, etc. etc. The great 
majority of liii'ds exhibit the third ; and, among them, there is such 
evidmit gradation into e])ignathism, that it is necessary to restrict 
the latter to its complete development, exhibited in the intermax- 
illary ])one divest(‘d of its horny sheath, which often, as among 
ilyca tellers, (‘t(;., foians a, little ov<‘rhanging point, but does not 
constitute (‘pignatliism. These classes, it should be added, though 
always a])])lica.bl(\ and veiy convenient in descriptions, arc purely 
arliilrary, that is, they ]>y no means corresjiond to any four large 
groiqis of birds; but, on (he contrary, usually only mark families 
and the sul)divisions of families ; and the four types may he seen 
in clos(dy redated genera. The general shape of the bill has also 
furnished 

Other Classes, for many years used as a large basis for orni- 
thological (dassilication, even for the estaldishment of orders; but 
wbi<di tlie [ii’ogress of the science has shown to be meridy as con- 
A'enieiit as, ami oidy less arldtrary than, the foregoing. The jirincipal 
of these are rciuvsented hy the following tyqics : A, among land 
birds. 1. The fix-YiroMnd (Tjat. /ksv/s, ehdt, and rostrum), or cleft, 
in whitdi the liill is small, short, and with a very large gape running 
down tlu^ side of the head; as in the swallow, chimney-swift, goat- 
sucker. 2. Tin* fciiuinfsfrul (Lat. taniis, slender), or slender, in 
which the hill is narrow, long, and Avith a short cleft ; as in tli(‘ 
hnmming-])ird, cree[)er, nnthatcli. 3. The dcntlrostral (Lat. dots, a 
tootli), or toothed, in which, Avith a Auirions general shape, there is 
present a nick, tootli, or evident lobe in the apposed edges of one 
or hotli mandibles near the end ; as in the shrike and some Avrens, 
thrushes, and Avarblers. 4. The conirvstnd (Lat. conus, a cone), or 
conical, sulficiently defined by its name, and illustrated by the great 
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fincli or bunting fainil}' and some allied ones. — 13, among Avater 
birds. 5. The Jongiro.^fral (Lat. hnujits^ or long, an aquatic 

style of the tenuirostral, best exhibited in the great snipe family. 
G. The 2)ressirostml (Lat. pressed), or the com])aet, illustrated 

by the plovers, etc. 7. The cuftrlrodrid (Lat. adter, a knife), cut- 
ting, exemplified in the heron group. 8. The hnneUinh^ind (Lat. 
luinolh, a plate), in vdiich the bill is broad and plated with a series 
{)f tooth-like processes, as in the duck trilie. ]\h)nc of these terms 
are now used to indicate natural groups, noi’ have we such absurd- 
ities as the “orders” Feniiiw^f/rs^ o.tc. A s Aval low, for 

instance, and a swift are equally fissirostral, though only distantly 
related to each other ; a swift is closely related to a hunnning-bir(l, 
though the latter is extremely tenuirostral ; and birds of contiguous 
genera may be dcntirostral or not. The Avords ;ire nev(‘rtlieless 
convenient incidental terms in general descri})tions. Various other 
similar terms, cxiwessing special modifications, as hdiroAnd (Lat. 
hftus, broad), (tcuth'oi<tnd (Lat. sharp), (dc., are abio employed 

as common adjectives. 

Other Forms. — A bill is called hnnj, Avhen notably longer than 
the head pro])er ; i<]iorf^ Avhen notably shorter ; iiirdiiiiii^ in neither 
of these conditions. It is (vnrpjr.^srd, Avhen higlu'i’ than Avidc, at 
the base at least, and gimerally foi‘ some ])()rtion of its length ; 
dcpjrmdj Avhen wider than high ; inric (Lat. /c/vs, cylindiaV), under 
neither of these conditions. It is /rr.nrml, Avhen curved upAvard ; 
deenrred, Avhen ciuwed dowiiAATird ; Avbcn tln^ Aariation in either 
direction is at an angle; sZ/vrA/A/, Avhen not out of line with the 
axis of the head. A bill is ohfusr (said chielly of the jiaragnathous 
sort) AAdieu it rapidly conu's to an end that tlu‘refor(i is not line ; or 
AAdicn the end is knobby ; it is (irnfr Avben it runs to a sliar]) point; 
(frif nil Hide, AAdien ecpially sharp and slenderer; (dfennafe, Avhen still 
slenderer; sidiidide (awbsha})ed), AAdien shnidcrer still; (udridor 
(needle-shaped), Avhon shmderest j)ossi})le, as in some humming-birds. 
A ])ill is airJinl, vaulted^ tunjid, ininid ^injhdrd^ etc., when its outlines, 
both crossAvise and IcngthAvise, are notably more or less convex ; 
and contracted^ Avhen some, or the princijial, outlines are concaA'C 
(said chiefiy of depressions about the base of the uj)pcr mandible, 
or of concavity along the sides of both maiidilih^s). A bill is 
humdate (Lat. hanin.% a hook), or inapncidafe (Lat. nmjui.^, a ckiAv), 
Avhen strongly c])ignathous, as in rapacious birds, Avhere the iqqmr 
mandible is like the talon of a carnivorous beast ; it is dentate, 
Avhen toothed, as in a falcon ; if there are a number of similar 
“ teeth,” it is serrate (Lat. serra, a saAv), like a saAV ; it is cultratc 
(knife-like), A\dien extremely compressed and sharp-edged, as in the 
iiuk, skimmer : if much curved as Avell as cultrate, it is falcate (Lat. 
falx, a reaping-hook ; scythe-shaped) ; and eacli mandible may be 
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oppositely falcate, as in the crossbill, constituting metagnathism. 
A bill much flattened and widened at the end (rare) is spatulate 
(Lat. spnfuht, a spoon) ; examples : spoonbill, shoveller duck. One 
is called Jamdlaip, when it has a series of plates or processes just 
inside the edges of the mandibles ; as in all the duck order, and in 
a few ])etrels ; the design is to furnish a sifter or strainer of water, 
just what is cireeted in the whale, by the l)aleen in its moutli. 
Finally, the far (uid of the bill, of whatev(‘r shape, is called the tip 
or op(‘j' (Fig. 2fj, v) ; the near end, joined to the rest of thti skull, 
the : tlie rest is the nmliuulf/p Some other features of the bill 
jis ji whohi are. best treated under the separate head of 

The Covering of the Bill. — (a.) In the gia'at majority of birds, 
including nearly all perchers, many walkers, and some waders and 
swimmers, tlie sheathing of the mandibles is wholly horui/y or 

conuitva (Lat. cunni, a horn) ; it is integument modified much as in 
the case of the nails or claws of beasts. In nearly all waders, and 
most swimi^ers, the sheath becomes, wholly or partly, softer, and 
is of a. dense, leatlieiy texture. Ihit some swimmers, as among the 
auks, liirnish ])ills as hard-covered as any, whih; some perchers have 
it partly (juite soft, so that no unexce])tional rule can be laid down ; 
and, moreover, the gradations from one extreme to the other are 
insemsibh*. Ib’obably the softest bill is found among the snipes, 
where; it is skinny tlu’oughout, and in typical snipes and woodcocks 
vascular and ner\ ous at the ti}), becoming a true organ of touch, 
us(mI to feel for worms out of sight in the mud. In all the duck 
order the bill is lik(‘wise soft; but there it is always terminated by 
a hard, hoiny vn{/(tts or “nail,” more or less distinct; and such a 
horny claw also occui’s in other water birds with softisli bills, as the 
])elican. An interesting modilication occurs in all, or nearly all, of 
the ])igcon order; these birds have the bill hard or hardish at tip 
and through most of continuity, but towards and at the base of the 
upjH'r mandilde the sheath changes to a soft, tumid, skinny texture, 
overarching the nostrils ; it is much the same with most plovers. 
Ihit the most im]K)rtant feature in this connection is afforded by 
the ])aiTots and all the birds of l>rey : one so remarkable that it 
has received a distinct name: Cekk. Tlie cere (Lat. m’a, wax; 
because it looks waxy) is a dense membrane saddled on the upper 
mandible at base, so different from the rest of the bill, that it might 
be ([uostioned whether it docs not more ])roperly belong to the head 
than to the bill, were it not for the fact that the iiosti*ils open in it. 
Moreover, the cere is often densely feathered, as in the Carolina 
paroijuet, in the bill proper of which no nostrils are seen, these 
being hidden in the feathered cere, which, therefore, might easily 
be mistaken at first sight for the bird’s forehead. A sort of false 
cere occurs in some water birds, as the jaegers, or skua-gulls (genus 
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StcrcorariKs). The tumid nasal skin of pigeons is sometimes called 
a cere ; but the term had better be restricted to the birds first 
above named. The under mandible probably never [irescnts soften- 
ing, except as a part of general skinniness of the bill ; it may have 
a nail at the end. (h.) The covering is either entire ov 'piccal. In 
most birds it is entire ; that is, the slunith of either mandilde may 
bo pulled off whole, like the finger of a glove. It is, however, in 
many birds divided into parts, bjM'arioiis lines of slight connection, 
and then comes oil' in pieces ; as is the cast* with som(‘. water birds, 
particularly j^etrels, where the divisions are regular, and the pieces 
have received distinctive names. Many auks {yllckln) have the 
covering of the bill in particular piee(‘s, and it is an extra- 
ordinary fact that such parts are of a secondary sexual character, 
being assumed at the breeding season and afterwards nnndted like 
feathers. Such condition of the sheath of the beak, or of special 
developments of the sheath, is called eifdueaus or deeiduouH, The 
entire covering of lioth jaws together is called rliamphotheca (Gr. 

Juvmplio.% beak ; a sheath) ; of the upjxjr alone, 

rhinnlheca (Gr. /uk, hri.% the nosi*) ; of the iiinh'r, (jnntJiothecu (Gr. 

gii((fh(r=(, jaw) ; but these terins are not much used, (c.) 
Idle covering is otherwises variously mai'ked ; sometimes so strongly 
that similar features are imjiresscd ui^ou the bones themselves be- 
neath. The most frocpient marks are various ridf/es (\jiit }>1. cariiue^ 
keels) of all lengths and degrees of expression, straight or curved, 
vertical, oblique, horizontal, lengthwise, or transverse ; a bill so 
marked is said to be striate. (Fiat. s7/-/e, a stri'ak) or earinate; when 
numerous and irregular, they are called rafjte (Lat. rufja.j a wrinkle) 
and the bill is said to be earnujated or riajose. When the elevations 
are in points or spots instead of lines, th(*y are called (Lat. 

]nniedam, a point); a bill so furnished is but the last word 

is oftener employed to deJiignate the presence of little 'jnts or dc- 
})ressions, as in the dried bill of a snipe towards the end. Larger 
softish, irregular knobs or eh‘vations pass under the general name 
of warts or papilhe^ and a bill so mark(*d is papillose; when the 
processes are very large and soft, the bill is said to be cjirnnculate 
(Lat. earo, flesh, diminutive carnnrnhiSj little bit of flesh). Various 
linear depressions, often but not always associated with carina3, are 
grooves or sulci (Lat. sukus, a furrow), and the bill is then called 
sideate. Sulci, like carina.», arc of all shapes, sizes, and positions ; 
when very largo and definite, they arc sometimes called canaliculi, 
or channels. The various knobs, “ horns,” and large special features 
of the bill cannot be here particularised. Any of the foregoing 
features may occur on both mandibles, and they are exclusive of 
that special mark of the upper (the nasal fossa) in which the 
nostrils open, and which is considered below. We have still to 
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notice the special parts of either mandible; and will begin with 
the simplest, the 

Under Mandible. — In the majority of birds it is a little shorter 
and a little narrower and not nearly so deep as the upper ; but 
sometimes cjuite ns large, or even larger. The upper edge, double 
{i,c, there is iin edge on Ijoth sides), is called the mandilmlar tomiuniy 
or in the ])hu'al, tninid (dr. rc/u'ete, icinnein, to cut ; Fig. 2G, /), as 
far as it is haid ; this is received against, and usually a little within, 
the corresponding <!dge of the up])er mandil)le. The prongs already 
mentioned arc tlic mandibular ratni (pi. of Lat. ramu.% a launch ; 
Fig. 20, /) ; these meet at some point in front, either at a short 
angle (like : ) or with a I’ounded joining (like D). At their point of 
union there is a pi ominencc, more or less marked (Fig. 20, k) ; this 
is the "IFat is to say, this point is gonys proper : but tin; 

term is extended to a])pl3' to the Avhole line of union of the rami, 
from gonys proper to the tip of the under mandilde ; and in de- 
scrii)tions it means, tlum, the mulc.r onUiue of ilte (nil for a corre- 
s])on(ling distance (Fig. 20, /). This important term must be 
understood ; it is constantly used in describing birds. The gonys 
is to the under mandihle what the keel is to a boat ; it is the 
op})osite of the ridge or cnltnrn of the upper mandible. It varies 
grt‘atly in hmgtli. Ordinarily it forms, say, one-half to three- 
fourths of th(i under ontline. Sometimes, as in conirostral birds, 
a sparrow, foi* cxanijile, it represemts nearly all this outline; while 
in A few birds it maki's the whole, and in some, as the puflin, is 
actually longcM* than the lower mandible })r{)pcr, because it e:xtcnds 
backwards in a, point. Other biids may have almost no gonys at 
all ; as a [xdiean, wIku’O the rami only meet at the extreme tip, or 
in the whole duck famil}’, whei-e there is hardly more. As the 
student must see, the length of the gonys is simply a. matter of 
how expulsive is the fusion of the. rami ; and that, similarly, their 
mode of fusion, as in a shar[) ridge, a Hat surface, a straight line, 
a curve, (Ha*., i(\sults in corre.sp( Hiding modifications of its special 
shajie. The inlcrnunal }<jnicr is eamiplementary to length of gonys : 
sometimes it runs to the tip of the bill, as in a pelican, sometimes 
there is next to none, as in a juillin ; while its Avidth depends upon 
the degree of diviugeiice, and the straightness or curvature, of the 
rami. The surface between the tomiiim and loAver edge of rami 
and gonys together is the .v/V/r of the under inandihlc (Fig. 20, in). 
The most important feature of the 

Upper Mandible is the cuJmcn (Lat. for top of anything; Fig. 
20, h). The culmcn is to the upper mandible Avhat the ridge is to 
the roof of a liousc ; it is the ipijicr profile of the bill — the hi(jh('4 
middle leiujilncm line of ilia hill; it begins Avhere the feathers end 
on the forehead, and extends to the tip of the upper mandible. 
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According to the shape of the bill it may be straight or convex, or 
concave, or even somewhat -shaped ; or double-convex, as in the 
tufted puflin : but in tlie great majority of cases it is convex, with 
increasing convexity towards the tip. Sometimes it rises up into 
a thin elevated crest, as well shown in the genus (Jrofophdfjdj and 
in the pidlins (Frafercnla), when the upper mandilde is said to be 
l-eeled, and the culmen itself to be evUrute ; sometimes it is really a 
farrow instead of a ridge, as toward the end of a snipe’s bill ; but 
generally it is sim[)ly the u]>perniost line of union of the gently 
convex and sloping sides of the up2)er mandible (Fig. 26 , a). In a 
great many birds, especially those with deiu’csscd bill, as all the 
ducks, there is reall}^ no culmen ; but then the incdian lengthwise 
line of the surface of the u])[)(m* mandible takes the place and name 
of culmen. The culmen generally stops short about op2)osite the 
jirojier base of tlui bill ; tluni the foathcr.s sweep aci’oss its end, and 
downwards across the base of the sides of the iip[)er m:indibl(% 
usually also oblit^uely backwards. Variations in both directions 
from this standard are frequent ; the featlnn’s may fun out in a 
point on the culmen, shortening the latter, or the culmen may run 
a way iqi the forehead, 2)arting the feathers ; either in a ])oint, as 
in the rails and gallinaceous birds, or as a broad plate of horn, as 
in the coots and gaAlinides. The lower t‘dg(*, (doiibh^,) of the U2q)cr 
mandible is the intf.t'illar// ionninn, as far backward as it is hard and 
horny. The most cons2)iciious feature of the up])er mandible in 
most birds is tlie 

Nasal Fossa (Lat. fossa ^ a ditch), or nasal (jroore (Fig. 26, c), in 
which the nostrils oj)en. The iqiper jwong of the intermaxillary 
bone is usually separated some ways from the two lateral ];)rongs ; 
the skinny or horny sluiath that stn'tches betwixt them is usually 
sunken below the general level of the bill, es])ecially in those birds 
where the prongs arc long* or Avidely sopai’ated ; this “ditch” is 
Avhat Ave are about. Tt is called fos.'<((. Avlien short and Avitle, Avith 
vaiying dejith ; siiJcft.'i or gi-oove Avlum long and narrow ; the 
former is Avell illustrated in the gallinaceous birds ; the latter in 
nearly all Avading birds and many SAvimmers. AVhen the inter- 
maxillary prongs are soldered throughout, or arc very short and 
close together, there is no (or no CA'ident) nasal de]nTSsion, the 
nostrils then opening hush Avith the level of the ])ill. The 

Nostrils (Fig. 26, d), two in number, vary in position, as foIloAvs : 
— they are lateraf Avhen on tlie sides of the iqiper mandible 
(almost alAvays) ; culniinaf Avhen together on the ridge (rare) ; 
superior or inferior when evidently above or beloAV mkhvay lietAvixt 
culmen and tomia ; they are basal ^ Avhen at the base of the ui)per 
mandible ; sidhhasal Avhen near it (usual) j median Avlien at or near 
the middle of the upper mandible (frequent, as in cranes, geese, 
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etc.); terminal wlicii beyond this (very rare; probably there are 
now no liirds with nostrils at the end of the bill, except the 
A'plprij.f). The nostrils are pervions, when open, as in nearly all 
birds ; impervious, when not visibly open, as among cormorants and 
other bii’ds of the same order; they are perforate when there is no 
septnui (partition) between tlieni, so that you can look through them 
from one side of tlie bill to the other, as in the turkey-buzzard, 
crane, etc.; by/pn/o/v/M when partitioned otf from each other, as in 
mostbiids ; but different ornithologists use these terms interchaiigc- 
al)ly. 'I'lie ])rincii)al shapes of the nostrils may be thus exhibited : — 
a line, linear nostrils; a line variously enlarged at either end, 
ejarafe, eluJhshaped, ahlomj, orate nostrils ; a line, enlarged in the 
middle, oral or elliplie nostrils; this passing insensibly into the 
circle, r(mn(l or eirrular nostrils ; and the various kinds of more or 
less linear nostrils may be cither longitudinal, as in most birds, or 
obli(jue, as in a few ; very seldom directly transverse (up and down), 
bounded nostrils may have a raised border or rim; when this is 
])rolonge.d t)iey mv, calhal t alula r, as in some of tlie goatsucker 
faanily, and in all the pdrels. TLsually, the nostrils are defined 
entirely by the substance surrounding tlumi ; thus, of cere, in a 
hawk ; of sottish skin, in a pigeon, plover, or snipe ; or of horn, in 
most birds ; l)ut often their contour is partly formed by a special 
develojunent, souKuvhat distinct cither in form or texture, and this 
is called tluj nasal srale. (Generally, it forms a sort of overhanging 
arch or j)ortic(.), as w(;ll shown in all the gallinaceous biixls, among 
the wnnis, (itc. A very curious case of this is seen in the wryneck 
{hinx lonjui/la), where the scal(‘ forms the floor instead of the roof 
of th(‘, nostrils. The nostrils also vary in herng feaflicred or iialcd : 
the nasal fossa b(*ing a ])lacc wliere the frontal feathers are apt to 
run out in })oints (called antuv), embracing the root of the culrncn. 
This extension may completely fill and 'liide the fossa, as in many 
grouse and j)tarmigan ; but it oftiuier runs for a varying distance 
toward, or abore and beyond, the nostrils ; sometimes similarly 
below them, as in a chimney-swift ; and the nostrils may be densely 
feathered when there is no evident fossa, as in an auk. When thus 
truly feathereil in varying degree, they are still open to view ; 
another condition is, their being covered over and hidden by 
modified feathers not growing on the bill itself, but on the forehead. 
These are usually bristle-like (setaceous), and form two tufts, close- 
pressed and directed forwards, as is perfectly shown in a crow ; or, 
the feathers may be less modified in texture, and form either two 
tufts, one over each nostril, or a single ruff, embracing the whole 
base of the upper mandible ; as in nuthatches, titmice, red-poll 
linnets, snow -buntings, and many other northern FriiigitUda’. 
Bristles or feathers thus growing forward are called retrorse (Bat. 



>EC. Ill 


EXTERIOR TARTS OF BIRDS 


155 


reirorsum, backward ; here used in the sense of in an opimite 
direction from the lay of the general plumage ; but they should 
properly lie called aidrorsr, i.e. forward). The nostrils, whether 
culminal or lateral, arc, like the eyes and ears, always two in 
num])er, though they may be united in one tube, as in the petrels. 

The Gape. — It only remains to consider what results from the 
relations of the two mandibles to each other. When the bill is 
opened, there is a cleft or fissure between them ; this is the gape or 
riefns (Lat. ridoK, mouth in tlie act of grinning). Ihit while thus 
really meaning tlie open spftre between the mandibles, it is generally 
used to signify the line oj thir clo.'Oirc. i^ommixrnrc (Lat. commiffere, to 
put or join together) means the ])oint where the gape ends lichind, 
that is, the angle of the mouthy angufns oris, Avliere the ap[)Osed 
edges of the mandibles join each other; hut, as in the last case, it 
is loosely applied to tlie whole line of closure, from ti ne commissure 
to tip of the ])ill. So Ave say, ‘‘commissure straight,” or “commis- 
sure curveil ” ; also, “ commissm\al edge ” of eiyicr mandible 
(e(piivalent to “tomial (‘dgc’’) in distinction from culmen or gonys. 
But it Avould he well to liaA^e iiiore precision in this matter. Ijct, 
then, (Fig. 20, /) b(‘- the tnu^ cutting edges of either mandible 
from ti]) to oj-ipositc base of bill ])roper ; rid ns (hh’g. 20, g) lie their 
edges thence, to the POINT Cffininissnir (Fig. 20, //) Avhere they join 
Avhen the bill is open ; the link commissure (Fig. 20,/) to include 
both A\dicn the bill is closed. The gajie is sfraiglit, Avhen rictus and 
tomia are both straight and lie in the same line; curred, sinuate, 
Avhen they lie in the saane curv'cd or Ava,\'(‘d liiui ; anguJafed, Avhen 
they are straight, or nearly so, hut do not lie in the same line, and 
therefore meet at an angle. Angulation of the commissure is a 
distinctive character of most finches and ])untings — F ringillida\ It 
is well shoAvn in the haAvlinch, Coceot/fniustes rulgaris. 

ir. TlfK AVINIJS. 

Definition. — Pair of anterior or pedond limlis organised for 
flight by means of dermal oiitgroAvths. Us(m 1 for this purjiose by 
birds in general ; but by ostriches and their allies only a,s outriggers 
to aid running; by penguins as fins for sAvimming under AA^atcr; 
used also in the latter capacity by some birds that fly Avell, as 
loons, cormorants, dippers. Wanting in no recent birds, but im- 
perfect in a feAV, as all Uatita^ ; greatly reduced in the emeu, casso- 
wary, and kiAvi-kiAvi ; also in the moas {T)bwrnis)‘, in the Cretaceous 
Hesperornis only the rudimentary humerus is knoAvn. To under- 
stand their structure we must notice particularly 

The Bony Framework (Figs. 27, 28, 29). — The skeleton of a 
bird’s Aving is built upon a plan common to the fore or pectoral 
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limb of all the higher vertebrates, so tliat its bones and joints may 
readily be compared and identified with tliose of any lizard or 
mammal, including man. But this member is highly si)ecialised ; 



I?(inr.s of ri};lil win^'oC a cluck, ChiiKjvla ishi ntJira, from akovc, } nat. wizi'. (Dr. 
n. W. SlmlVMf, U.S.A.) A, sliouldc'r, c//U(.s* ; c-lbow, hui'dii ; 0, wrist, cnrims; J), end of 
prineijial Iiii^ot: A', end of band ju’ctju r, //ubrcur/uos'. 7.’, ai in, b/'cu7< bn/( ; /; C, 

ariii, (fiitifiKirhluiii ; (,' />, wliule bancl or ])iidc>n, i/uoncs; conijinsecl of (; A’, bancl jtroper or '■/at'Ar- 
cnip/cx, cx(‘cptm;i: (/“ ; A' />, <>r d-, (/:<, c/ 1, fincc-rs, di;^its, flnjiti. /i, huDH'rus; rd, ntiliiif,; ul, 
iihi(i: .•'■c, oiitci’ c'arpal, .svu/i/u)/////c//v nv nxlitilr ; nt, iimc.-r carjial, (•cc»r//o/'//u' or tdiKtir; tbescj 
two eoiiiposiii'^ wn^l in'idr/iiH. vii\ tlu' eoininmiid hand-bone, or me t(i carpus, euni]>osed of three 
nictacai pal leones, bearing; as many di/^ds— llie outer clijfil, seat<?d upon a prol iiberauee at tlu' 
bead of llie niclaeariial, 1 iie oilier ( wo sit natecl at tin* cnid of the boiu*. d~, tin* outer or radial 
di; 4 it, eoiiiinonl^’ <*alle(l I he Ihutnb nr pidh.r, <*oinposed of Iwtt pJadaiajcs ; d**, tlio niiddb* di^sdt, 
of two plialaii;j,es ; </ the inner or ulnar diKdt, ofctiu' phalanx ; d- is the sc'at of the leathers of 
the hn^ltiid irlinj or (dida. Ii to r(\\bole |»inioM), seal ofthe lli<fht-feathers called 2 >ciiiiiirics ; f' 
to y> (torc'ann), seat of the .seeti/idtc/ /es ; at i.’ and above in direct ion of yl, seat of /('/•th'/’ies 
]iro]u*r; below A, in direeticui of A’, si-at <d’ ,s'euyijdc»/ //'.s (upon pteryla hunierali.s), often called 
lerliaries. 'flie wiiiL; sIkomi balf-spi-ead : coinidele c*xtension would briiej; A A’ f I) into a ri.^bt 
line*: in eouiplete ftildinj' r j^oes to J, and /> l»> ; all these motions aecc/'/// in tho jdani* of the 

paper. 'I'lie elbo\\-'n lint and wrist are siu*b perfect Inniiies, that, in openiiij; or elosin^^ tlu* win;^, 
(’cannot sink below tin* ]'aper, nor I> llyui» above tin- jsijier, as would otlierwdsf* Tie the elleel of 
the pri*ssnre of the air upon the lliir'ht-leather.s. OTiserve akso : /•(? and id are two rods con- 
iieetiiii' /*■ and ('; the coiistruetion of their jointiu” at A* and C, and with c\ach oUicr, is such 
that they can Aid' U mjlhn Ac a little u}>on eacii other. Now Avhen the iioint levolvin;; about 
apjiroaelies .1 in tlu* are of a eireh*, rd pushes on sc, while ?// pulls back cu ; the luotiou is 
trjiusinitted to /), and niaki*s this point api>roach A’. Conver.sely, in openin;' tlie W'iii}:, rd jmlls 
back .se, and td ]tushes on cii, niakiu;^ i> leeede from In other words, the an^le A V> cannot 
In* increased or diminishetl withoui similarly increasin'^ or diininishin'^ the an-iile IW D; s^o 
that no ])art of the win;^ i*aii be opened or shut without automatically oiieiiing or shuttinir the 
lest, — an interest in.t; nu*elianisin by wbieb muscular power is correlated and economised. This 
latter inechanism is further illustrated in Fi.l;. L’S, where re and nr sliow respectively the size, 
sha]n', and position of tlie radial eondyl(*aiid ulnar cmulylo of tlu* humerus. It is evident that 
in the llexi'il state of the elbow, as shown in the middle ligurc, the radius, rd, is so pushed upon 
that its end lu-ojeet.s beyond id, the ulna ; while in the opposite condition of extension, shown 
in the lower ligure, rd is iculled back to a corresponding extent. 

being fitted for accomplisliing flight, not only by the development 
of feathers, hut also by modifications in the bones themselves. The 
axes of the hones have a special direction with reference to each 
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other and to the axes of the body ; tlie movements of the joints 
are peculiar in some respects ; and the Avhole extremity of the 
wing, from the wrist outward, is peculiarly constructed, by loss of 
some of the digits that live-fingered animals possess, and by the 
compression of those that are left. The wing proper begins at the 
shoulder-joint, where it hinges freely upon the shoulder, in a 
shallow or glenoid socket formed conjointly by the shoulder-blade 
or mtpnla^ imd by the coracoid bone ; these two, with the clavicles, 
collar-bones, or merrythought, fiuru/unij forming the rhoidder-girdle, 
ox pectoral arch (Figs. 5G, 59). 

The wing onlinarily consists, in adult life, of ten or eleven 
actually separate bones ; in the embryo (see Fig. 20) there are 
indications of sevcial more at the wrist-joint, which sjicedily lose 



Fitr. ^S. — ^ledmnisni -if L’lbnw-joint. (Sco cxplan.'itioii of Fii^. 27.) 

their individual identity by fusing together and with bones of the 
hand. Aside from these, there is often an accessory ossicle at the 
shoulder-joint (Fig. of), olis), sonictini(‘s one at the wrist-joint, 
occasionally an extra hone at the end of the princi[)a,l finger. The 
normal or usual number is shown in Fig. 27, taken Irom a duck 
{Clangula islandica), in which there are eleven. 

The iip[)er-arm bone h, reaching from the shoulder yl to the 
elbow />, is the humerus. In the closed wing, the liuincrus lies 
nearly in the position of the same bone in man when the elliow is 
against the side of the body ; in extension of the Aving the elboAV 
is borne away from the body, as when we raise the arm, but carry 
it neither forward nor backward. A peculiarity of tlie bird’s 
liumerus is, that it is rotated on its axis through about the quadrant 
of a circle, so that what is the front of the human bone is the outer 
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aspect in the bird. The humerus is a cylindric bone, straightish or 
somewhat italic-/-shaped, with a globular head to fit the socket of 
the shoulder, a strong i)Cctoral ridge for insertion of the breast 
muscles, and at the bottom two nmdiflori (Fig. 28, re, lie) or joint- 

surfaces f(jr articulation with a pair 
of succeeding bones. The forearm, 
enhitoY oakhrtt.rhwii), extending from 
elbow to wrist, 11 to k, in Fig. 27, 
has two j)arall(*l bones of about 
ecjual lengths. These are the vl/ia, 
V//, and the rddlnx, rd ; the former, 
" inner and ])osterior, tlie larger of 

^ b(‘aring the (piills of the 

j> V A u secondary series ; the latter, sleii- 

^ S \ \ derer, outer, and anterior. The 

\v'\ \\ enlarged in’oximal extremity of the 

\ \ V called the olrrranon, or, 

\ \ I “ hca.l of the elbow.” 'I’lio third 

s(*gnieut of the wing is the wrist or 
nfrpus. In adult life, this normally 
consists of two little knobby carpal 
nek bones, extremely irregular in shai>e, 

W..:% called the snffjkdiutKre, ac, and rif/iri- 

forme, cu. One being at the end of 
X- the radius, the other at that of the 

ulna, they are also called nidiah 
'2'.), fnMii 11 y/o?ni.7 ‘^^^d ullUXlf. Ill tllC Clllbl^ O tllCl C 

SIX iiuM.ihs js; ^t loast one other carpal bone, 

IS ilr.sionctl 1() sliow llif coinpo.silinn ol till' i r *11 

caipiis and iiict:icari>ii.s iifioro iin* tluit early fuscs witli the iiext 

(if these lioiics tn.M! I ( if'et lier ; /, radin>; ", , * i • i • i 

ulna; s, seapliolnnar nr radiate; », eunei- segment, ^ad 1(1 ill lliailj’' birds tllOl 0 

««vc-rai «uci.. This fourth seg- 

inetaearpus ; a earpal iM.ne, Mipp..M‘d t.i mmit is tile hiUld prOllOl', OY lUetd- 
h(i nneifoMii, later rn.sin;,M\ ilh melaeai]>ns ; it i 7 t / i ■ i* 7 

S, .TU unidentilied liftli carpal bone, whudi ('((TjUtS, mC, tO E (eXClUSlYC Ol (f 

2). Tl>e single niotucnrpal or hand- 


S, .TU unidentilied liftli carpal bone, wbudi ('(fl'JdfS, mC, tO E ^eXClUSlYC 01 (i 

2). Tl>e single metacarpal or hand, 
carpal iioiie, beaiini' tin' p.-iiex or outer P(^n(j verv^ comiiosito ; that is, 

digit , eoii.sistiiiL; (d t wo plialaie^es. (/ and /.• ; Z' , ^ .. 


digit , eon.sistin.L; (d' t wo plialaie^es, (/ and /.• ; i i ^ ^ i i*^ 

principal (median) inetaearpal bone, COlllpOUllded ot SCVeral ; foi*, bCSldCS 
bearinu; the middle, linger, coiihislni.u of t lie •it , • i i i. 

two phalanges, d', d"; t>, inner or niiiiir including ccrtaiii Ccirpiil elements, 

as already said, it consists of three 

#1 . i no ]U(*ot's iiKU i\<Mi i, o, j, «ui V / 

fiis(> witii d' to form tiie sin.^de compound Foiies fuscd (ill all rcceiit birds) in 
metacaiTial bone marked mr in *JT. ^ 

(From nature, by Dr. R. w. shiifeidt, oiie, Corresponding to the three 
^ digits or fingers that birds possess. 

In fact it is throe metticarpals in one. The metacarpal corre- 
sponding to the principal finger is much the largest of the 
three ; that of the first finger is very short, being only the 
expanded part seen in the figure, just above the bone marked 
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d 2 ; that of the third finger is nearly as long as the main 
metacarpal, but much slenderer, and usually fused only at its two 
ends, leaving between itself and the main metacarpal a considerable 
space, as seen opposite the letters 7110 in the figure. The wing is 
finished off with three fingers or digits marked d 2, d 3, d 4. The 
middle one of these, to J) in the figure, is much the largest, and 
forms the main continuation of the hand. The digit, 3, ordinarily 
consists of two bones, called phahinf/cs, placed end to end, as in the 
example before us ; but occasionally there is found a third phalanx. 
The outer or radial digit, d 2, ordinarily consists of two bones, of 



Fio. 29 his. — Diai^rain of lore of man, l)a1, horso, and Inrd. Tim lines 1-9 are isotimrs, 

cutting' the liiuhs int<; niurpliolo^dcally ecuial parts, or iso me res. 


which the terminal one is small, and may be wanting. The inner 
or ulnar digit, d 4, consists of a single small phalanx, closely bound 
to the side of the middle finger. Corresponding to the compactness 
and consolidation of these terminal segments, the digits enjoy 
little individual motion. The outer or radial digit is the most 
independent one. In the Arducopteryx the tlirce metacarpals were 
free bones, and the whole hand more like that of a lizard. No bird 
now has free metacarpals in adult life ; none has more than three 
digits. These three are supposed by some to correspond to the 
thumb and fore and middle fingers of our hands ; by others, to the 
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fore, middle, and ring fingers, and being consequently the second, 
third, and fourth digits, as imirked in the figure. The digit marked 
(I 2 is commonly called a bird’s i\aun}> or imllex. The Apteryx and 
the cassowaries have but one complete digit. The resemblance to 
a li/urd’s or (piadruped’s digits is increased by the ehms which many 
birds [)Os.sess, Tlnisc may be borne on the enlarged terminal 
phalanx of d 2 (/*, in Fig. 29), as is very well shown in the turkey- 
biiz/a,rd and other American Cfdkartidfn ; ])Oth on this and on the 
terminal phala-nx of d .‘5 (d" in Fig. 29), as in the ostrich; on the 
latt(‘r alone, as in the ylpienjx, cassowary, American ostrich, and 
swan, ddie inner linger, d i {d"' in Fig. 29) is not known to ever 
b('ar a claw, excepting in A rchtaideryx. ’hhe whole segment, to 
yy, is commonly called “ the hand,” “ pinion,” or inanns^ though, as 
Avo hav(i SIMM), it consists of hand proper (metacarpus), aiid fingers 
(digits) with th(di’ lespective i)halanges. (Fig. 29 his.) 

Some other b()n(‘S are ol)S(‘rved in birds’ wings. As already 
said, there a- siqiplementary ossicle in the slioulder-joint of many 
birds ; it is badly called the srffjfuhc acressariu (Fig. 50, <>hs). At the 
convexity of the elbow then^ may be one or more ossicles, not per- 
taining properly to tln‘. wing-skehjton, but developed in the tendons 
of muscles jiassing over the joint ; they arc sesa maids, like the 
human patella, or knee-cap. Jn various birds there is found at 
the convexity of the wiist, on the lu'ad of the metacarpal, an 
ossicle called the os jfnmdniens ; apparently a sesamoid. Some other 
ossicles observed in tln^ wrists of young or embryonic l)irds arc all 
supposed to be ca,i [)a,l elements, the exact homologies of Avhich may 
he still (pK'stioned. 

The Mechanism of these Bones is admirable. The shoulder- 
joint is fr(!(*, much like our own, permitting the humerus to swing 
all about ; though the ])i incipa.l motions are to and from the side of 
th(^ body {(iddurfioii and (dxiuctifm), and u]) and down in a vertical 
])lane. ’flu^ (‘Ibow-joint is a very strict hinge, ]»crmitting motion in 
one plane, nearly that of the wing itself. The iinger-boncs have 
little individual motion. The construction of the wrist-joint is 
<piit(; peculiar. In the lirst place the two ])on(*s of the forearm are 
so tixed in relation to eacli other, that the radius cannot roll over 
the ulna, like ours. If \ ou stretch your arm U 2 )on the table, you 
can, without moving the olboAv, turn the hand over so that either 
the palm or the knuckles are downward. This is a rotary motion 
of the bones of the forearm, called ]>r<niatioit and supination ; the 
hand is prone when the palm touches the table, supine Avhen the 
knuckles are downward. This rotation is absent from the bird's 
arm ; if it could occur, the action of the air upon the pinion- 
feathers Avould throAv tliem all ‘‘ at sea ” during the strokes of the 
wing, rendering flight difiicult or inqiossible. The hinging of the 
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hand upon the wrist is such, also, that the hand docs not move up 
and down, as ours can, in a ]>lane perpendicular to the surface of 
the wing, hut in the same plane as that surface. The motion is 
that which Avould take place in our hand if we could bring the little 
finger and its border of* the hand so far around as to touch the 
corres 2 )onding bolder of the forearm. It is a motion of adduction, 
not of flexion, and its opiiosite, abduction, not extension, by which 
a wing is foldeil and s^iread. Such alnliuifon. is the way in Avhich 
the hand is extended njioii the wrist-joint, increasing and com- 
pleting the unfolding of the wing that begins by the true extension 
of the forearm ujion tlie elbow and abduction of tlie uppm* arm from 
the body. In a word, a, wing is siiread by the motion of abduction 
at tln‘. shoulder and wrist, of extension at the elbow ; it is closed 
by adduction at the shoulder and wrist, and flexion at the elbow. 
The numerous muscles which unfold or straightcni out the wing an; 
called those that bend or close it are /^c./’ors. Extensors 

lie upon the back of the upjier arm, and the front of the forearm 
and hand, their “leaders” or tendons [Kissing over the concc.ntti'H of 
the elbow and of the wrist. The Ilexors occu 2 )y the o 2 i])osite sides 
of the limb, with tendons in the concavities of the joints. The 
most [lowerful muscles of the wings are the great pectoral oi* bi’east 
muscles, acting ujxm the U])])er end of the humerus ; there arc 
several of them, exerted in throwing out ’the arm from the body, 
and in giving both the up and down wing-strokes. Tendons are 
generally strong inelastic cords ; but thm-e is an interesting arrange- 
ment of an (‘.lastic cord in a bird’s wing. In big. i27, A R it is a 
deejj angle formed by the naked bones, but none such is visible from 
the exterior, because the s])ace is filled by a fold of skin passing 
from C to near ./. Ihit it approaches a,nd recedes from A as the 
wing is folded or unfolded, and a cord long enough to reach A-ij 
would be slack in the folded wing, did not its (elasticity enable it to 
contract and stretch, keieping tine anterior bolder of the wing straight 
and smooth. (For another automatic mechanism, see Fig. 28.) 

The [joint C is a highly im[)ortant lamhnark in pi actical orni- 
thology ; it repriesents, in any folded wing, a very [)rominent [joint, 
the distance from which to the ti[) of the longest fiight-hiather is a 
special measurement known as that of “ the wing.” It is the con- 
vexity of the carjms, commonly called the “carpal angle,” or “bend 
of the wing.” Having thus glanced at the bony structure and 
mechanism of the wing, we are ready to examine the 

Feathers of the Wing (Fig. 30).— How im[)ortant these arc will 
be evident from the consideration that they are the bird’s chief 
organs of locomotion ; for without them the wing would be useless 
for flight. AVe also remember that such means of locomotion is the 
great specialty of birds. AVing-feathers are those which grow upon 

M 
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the idorijla ahim. They are of two main sorts : tlie flight-feathers 
])ro[)er, or long slilf (jiiills, eollectively called rewiges (Lat. reme.i\ pi. 
remiges, rowers ) ; aii(i the smaller, weaker feathers overlying them, 
and hence called njrerf.^j or trrfricc.^ (Tjat. terfrif, pi. tectrices, coverers). 
To these nuiy he added as a third distinct grou|), the hastani quills, 
which constitute the 

Alula, or Ala Spuria (Lat. (fhtht, little wing, diminutive of aht, 
wing; .S7>////V/, spurious, l)astard). The “ little wing ” is simply the 
small parcel of leatlKas which grow uimii the “ thumh ” (see Fig. '17, 
<l 1 ; 1\], (I and 1: ; .*10, at). Highly significant as these may be in 
a nioT‘i)hological point of view, as r(‘presenting what this i)art of the 
wing may hav('- hceu in eai ly times, they aie so much reduced in 
mod(U‘n birds as to of little account in practical ornithology. In 
fact, the unpractised student may fail to recognise them at first. 
ddu‘y form a small packet on the foni outer boi'dcr of the pinion 
near tln^ carpal angle, and lie smoothly u[)on the u])per surface of 
the wing, stn^Migtluniing and finishing off what would be otherwise 
a. weak spot in tin* contoui- of tln^ wing-hord{‘r. It is quite eas}", on 
njcognising thean, to lift them collectively a little away from the 
other feathiTs, owing to the mobility of thuml). In fact, they are 
sometimes (piite obtiaisive, when faulty taxid(‘riny has discompos(*d 
tlunn. Th(‘y an^ not. often cons])icuously modified eitlnn* in size or 
colour. In a b’W jjirds {r.g. CafJiaiirs), a ehnv \vill be found at the 
end of th(j joint which bears tlunn. (Tlie student must he careful 
to discriininat(‘. betw(H'u the use of tlui word sjiiiriuus in the present 
connection and its apjilicafion to a rudiinentary condition of the 
hvut reiiir.r ; see]), Kil.) The 

Wing-Coverts overlie the bases of the largo (juills on both 
the upju'!' and und('r surfac(‘s of th(‘ wing, 'fhey are tlieiefore 
convcMiiently divided into an /f/qu’/' set (fertrires superiures) and an 
under set {ieef. iiifrr'inres). The former are so much mori; conspicuous 
than the latt'iT that they are always understood when “up])er” is 
not s])ecilied. The latter are sometimes collectively called “ the 
lining of the wings.” Loverts include all the suiall feathers of the 
wings excepting the bastard (juills; they extend a varying distance 
along the l)ases of the flight-feathers. The ordinary disposition 
and division of the upper coverts is as follows : — One set, rather 
long and stiflisli, groAV u])ou the pinion, and are close-pressed upon 
tlie bases of the outer nine or ten remiges, covering these large 
feathers about as far as their structure is |)lumulaceous. These are 
the upper primarg coveris, or coverts of the primaries (Fig 30, pc) ; 
they are ordinarily the least conspicuous of any. All the rest of 
the upper coverts are secnudarn : they spring mostly from the 
forearm. These are considered in throe groups or nnes. The 
greater upper secondary called simpl}" the “greater coverts” 
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{frdrk'p^ 7iHfj()rrs, .30, (fsc\ are tlio first, outermost, longest row, 
rcacliing nearest the ti})s of the fiight-featln'is ; they ovoilie the 
bases of nearly all the remigcs, excepting the first nine oi* ten. The 
median vpper mviaJanj nn'erf.^j shortl}^ known as the middle coverts ” 
{f erf rices nieditr)^ are a niixt row, sliorter ami tlierefore less exposed, 
but still ([uite evidently forming a special series (Fig. .30, msc). It is a 
common feature of these median coverts that they shingle over ('ach 
other contrariwise to the way the greater coverts are iml)ricated, the 
outer vane of one being under the inner vane of the lu'xt outer one. 
All the rest of the upper secondary coverts, forming several indis- 
tinguishable rows, pass under the general name of lessrr corerfs 
{feel rices mi no res ; Fig. 30, f>e). The greater coverts fui’iiish an excel- 



Kii:, :30. — roatliiT.-, of a ^lairow’.-^ u iii;.; ; nat. (l-'oj- ex planat ion sre Irxt.) 

lent zoological chai'actei’ ; for in no Paxseres are they more than half 
as long as the remiges tliey cover, while tin; i‘(iv(;rse is the case in 
most birds of lowin’ orders. A\3)odj>eck(‘r8, howevei', though non- 
passerine, have quite short covei’ts. 33ie under coreris have the 
same general arrangement as the iipjier ; l>ut tliijy are more aliki^ 
and less distinctly disposed in rows or series ; so that for ])ractical 
])ui’pQses they pass under the general name of under wing-coverts, or 
liuiuf/ i^f fJte iciu(f. Since, when the wing is particubirly marked on 
the under side, it is the coverts and not the remiges that are highly 
or variously coloured, the common expression “ wing biilow,” or 
“undersurface of the wing,” refers to these coverts more ])articu- 
larly. We should distinguish, however, from the under coverts in 
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"eneriil, the <u:ill(irSj or axilhiry feathers (Lat. nxilla, the armpit). 
These ;ire the inininnost feathers lining the wings, lying close to the 
body; almost always longer, stiller, njurower, or otherwise pecu- 
liarly modifi(i(l. Jn ducks, for example, and many of the waders, as 
snip(‘. and plovcu’, they are remarkahly' well developed. The colour 
of tli(i axiliari(‘S is tlui princi[)jd distinction hetvveen some species of 
plovers. The 

Remiges, or Flight-Feathers (Fig. :10, ^ >, and t), give the wing 
its g<Micrai c.liaractijr, mainly determining both its size and its shape ; 
they represent most of its surface and of its inner and outer borders, 
and all of its jiosterior outline, forming a great expansion, of which the 
])ony and llesliy framework is insignificant in comjiarison. The 
shape of the wing is indeed jnimarily alfected liy the relative 
lengths of its bony segments, the upper arm being, in a humming- 
bird, for exam])l(‘, very short in comparison with the terminal 
[jortion of the limb, and in an alliatross again, lioth up])er and fore- 
arm being i^reatly lengthened ; still in any case it is the flight- 
feuthers that mainly determiiu*. the contour of the wing, by their 
absolute degiec; of develo])ment, tluur lengths proportionately to 
on(‘ another, and their individual shapes, d'liey collectively form a 
thin, (‘lastie, llatten(‘d surface for striking the air, (juite firm along 
th(^ fi’ont border wIk'Vi'. the bone and muscle lie, thence growing 
more mobih^ and r(‘silient toward the 2>o.sterior liorder and along 
the outer edge. Such surface may be (piite Hat, as in such liirds as 
cut (he air with long, jiointed wings, like oar-blades ; but it is 
generally a litll(‘, comaive underneath, and correspondingly convex 
above ; such arching or vaulting of the wing-surface being usually 
associated with a short., Iiroad, rounded wing, as in the gallinaceous 
trib«‘, ami bi'ing least in birds which have the thinnest and shar])est 
wings. Corresjioiiding dilforences in the mode of flight result, 
dhe short, rounded wing confers a powerful though laboured flight 
for short distances, usually accompanied by a whirring noise result- 
ing from the ra])idity of tlu; wing-beats; birds that fly thus are 
almost always thickset and heavy. The long, pointed Aving gives a 
noiseless, airy, skimming flight, indefinitedy prolonged, ami accom- 
plished Avith more deliberab*. Aving-beats ; birds of this style of 
Aving are generally trim and elegant. These, of course, are merely 
generalisations of the extremes of modes of flight, mixed and 
gradated in every degree in actual bird-life. Tlius the humming- 
bird, Avhicli has sharp, thiu Avings, Avhirs them fastest of all birds,— 
so rapidly that the eye cannot folloAv the stroke's, merely perceiving 
a haz(‘. about the bird Avhile the ear hears the buzzing. The com- 
bination of acuteness and concavo-convexity is a remarkably strong 
one, conferring a rapid, vigorous, Avliistling flight, as that of a duck 
or pigeon, or the stilendid hurtling of a falcon. An amjile Aving, as 
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one both long and ])road without being pointed k called, is well 
dis])layed by such birds as liorons, ibises, ainl cranes ; the llight may 
be strong and sustained, but is rather slow and heavy. The longest- 
winged birds are found among the swimmers, particularly the 
])elagic family of the iietrcls, and some of the whole-webbed order, 
as pelicans, particularly the frigate-pelican. The last-mimed, Ttu'hff- 
petes (Kjmlusj has perhaps the longest wings for its bulk of body of 
any bird whatever, as well as tin; shortest f(‘et. The American 
vultures anj lilauvise of great alar expanse in proportion to their 
weight. The shortest Avings, among liirds possessing peidect remiges, 
occur among tlui lower swimmers, as auks and divers, and among 
some of the (luUina'. Tln^ great auk is, or was, perhaps the onl}' 
flightless biid Avith Avell-formed flight lc‘at hers, only too small to 
subserve their usual ])urpos(5 ; though certain South Amei’ican ducks 
arc said to be in similar predicament. In tli(‘ penguins, the whole 
wing -structure is degraded, and the i‘emig(‘s abort in scale-like 
heathers, the Avings being rtMluced to fins both in foiauiand function. 
The Avholo of the existing Jhiititr oi* struthious l)irds, as the ostiahdi, 
cassoAvaiy, and emeu, have rudimentaiy or very im[)(M fect Avings, as 
Avas the ca,se Avith the Cretaceous Ilespcmenis ; but the contem- 
t)orary of the latter, frhlhpnn'is^ and the still mon; a-ucimit yhrlnro- 
/derjf.i'y appear both to ha.ve had i‘xcellent ones. 

The disposition of the remiges in tluu’r mutual r(;la,tions is Amy 
noteAVorthy. Tluy liaA^e a rigid holloAV barrel of giaait riisislant 
powers, considering the amount of substance, — just like the cylin- 
drical stem of the cereal plant; a stout, solid, highly-elastic. shaft ; 
the out(T Aveb narrower than th(‘- inner, with its baibs set a,t a moi’e 
acute angle uiioii the shaft. Any <»ne of these stiller outer vanes 
orerJies the liroader and more yielding inma* vane of tlu^ next outer 
feather, AAdiich, on receiving the impact of air from ])eloAv, resists as 
it AAxre Avith the strengtli of a second shaft superimposed. Though 
the “ Avay of an (*Ligle in the air AAms a mystery to the wise man of 
old, the mechanics of ordinary llight are noAV better understood. 
I>ut the sailing of some Inrds for an indefiiiite length of time, u]i as 
Avell as doAvn, Avithout visilde motion of tlie Avings, and Avithout 
reference to the Aviml, nmiains an enigma. Tlio llight of the al])a- 
tross and turkey vulture, i venture to alfirni, is not yet explained. 
The riddle of The Wing Avill be i-ead when w(? knoAV Iioav the arcli- 
sanrian escaped from ilus to aether. 

The number of true remiges ranges from about sixteen, as in a 
humming-bird, to upwards of lifty, as in the albatross. Their shape 
is cpiitc uniform, minor details aside. Tluy ere the stillest, 
strongest, most perfectly of feathers, Avithout evident 

hyporhachis, if any. They are generally lanceolate^ that is, tapering 
regularly and gradually to an obtuse point, though not infrecpiently 



GENERAL ORNITHOLOGY 


[’ART II 


1 66 


more jiarallel-sidcd, especially those of the secondary and tertiary 
series. Either or lioth wehs may he incised toward the end ; that 
is, more or less ahi-uptly narrowed ; this is called emanjimUion ; 
their ends may he ti'ansversely or obliquely truncate, or nicked 
in various ways. In a Utw liirds, apiiarently for purposes of 
sexual ornanKHitation, they ai-e devekqied in bizarre shapes of 
beauty, with evident decrease of utility as flight-feathers. Those 
of tlie ostiich and penguin tribes sliare tlie peculiarities of the 
general ])liimage of these extraordinaiy ]>irds. iLcmiges are divided 
into three eJasses oi- series, according to wliere they grow upon the 
limb, whether upon tluj liaml, the forearm, or the U])})cr arm. In 
this distinction is involv(‘d one of the most important considerations 
of ]»ractica,l ornithology, of which tlie student must make himself 
mastm*. The three classes of (piill-feathers jire : 1 , the ; 

2, tie; srcffUfJ^U'Irs ; .‘I, th(‘. h’rttarhx. 

Tlie Primaries (f ig. ‘10, J>) are those riuniges which grow upon 
the pinion, oi^ wrist-, hand-, and tingei* bones colleetiv(‘ly (Eig. 27, C 
to />). \\'hat4‘-v(a' the total number of the remiges may be, hi iirarlt/ 

a/l liirds (viUi trttr r<'in}(f(\'> fhr are ('IfJtrr MNFi or TFN m 

iHfmhrr. The huniming-])ird with sixteen ivniiges, the albatross 
with fifty ()!• molt?, each has ten piimaries. d’lie grebes and a 
few other birds are said to liave (?lev(?n ])rimai‘i(?s : if this be so, it 
is highly exceptional. No instanct? of a, higher number than this 
is known to me. Again, it is only among the highest Pas.^cres that 
the numh(?r nim? is found, the Osc/z/rs having indilVerently nine or 
ten. In a good many ffsc/acs, rated as nine-primaried, there arc 
actually ten, though the outermost is so rudimentary, and even out 
of alignment with tin? de\elo}»ed primaries, that it is not counted 
as one of them. Among Osrinrs, just this dilference of one evident 
and mnpiest ionabh' primary more or fejver forms one of the best 
distinctions betw(‘en the families of that suborder. So the tenth 
feather in a bird’s wing, counting from the outside, becomes a 
crucial test in many cases ; for, if it be List primary, the bird is 
one thing ; if it be lirst secondary, the bird is another. In such 
cases the necessity, therefore, of determining exactly which it is 
becomes evident. Of coui’se it is always possible to settle the 
([iicstion by striking at the roots of the remiges and seeing how 
many are seated on the })inion ; but this generally involves some 
defacing of the specimen, and there is usually an easier way of 
determining. llokl the wing half-spread ; then, in most Omnex, 
the primaries conic sloping down on one side, and the secondaries 
similarly on the other, to form where they meet a reentrant angle 
in the general contour of the posterior border of the wing ; the 
feather that occupies this notch is the one we are after, and 
unluckily it is sometimes last primary, sometimes first secondary. 
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But observe that primaries arc, so to speak, self-at^serliixj, anplmtic^ 
italicised, remiges, stiff, strong, and obstinate : wliile secondaries are 
rdlring, lohisjmring, in hrericr, limber, Aveak, and y ielding. Their 
different character is almost always shoAvn by something in their 
shape or texture which the student Avnll soon learn to recognise, 
though it cannot well be described. Let him examine Fig. 30, 
where h marks the nine jirimaries of a sjjarroAv’s wing, and .s’ indi- 
cates the secondaries ; lie will see a difference at once. The 
primaries express themselves, though Avitli diminishing emphasis, to 
the last one ; then the secondaries begin to tell a. different tale. 
The condition of tlie first ])rimarv, Avhetlicr sjnirums or not, is often 
of great lielp in this determination. The first primary is called 
‘‘ spurious ” Avhen it is very short — say one-third, or less, as long 
as the second, or longest j)rimary. Among Passeirs, a spurious first 
primary only occurs in certain tcn-])rimarie<l Osrines; wlience it is 
evident, tliat to find smL short first primary is equivalent to deter- 
mining the presence of ten primaries, though not to find it does not 
[jrove there are only nine ; the count sliould 1)(^ made* in all cases in 
which the outer ])rimary is more than one-third as long as the next. 
The difference between nine pi’imarics, and ten Avith the first siairi- 
ous, is excellently illustrated among the species of the American 
/7/m Any thrush, nuthatch, titmouse, or ere(‘[)er shows a s[)urious 
primary to advantage — large enough not to be overlooked, small 
enough not to Ix^ mistakem. 


The Secondaries (Fig. 'h), s) are those remiges which arc seated 
on the forc'arni (Kig. -7, // to T). They A'ary in numl/er from six 
to forty or more. Tlu‘y have the })eculiarity of l)eing attaclied to 
one of the bon(!s of tlie fo]’<*ai'm, th(‘ ifljtif. If an ulna, I/e examined 
ch/scly, there Avill be seim a 
row of little [/oints shoAAuiig 
the attachment ; such are indi- 
cated in bdg. 27, along ///. and , ,,, ..... , . 

^ ri ‘ . Fic;. ::l. — Ulna n| f ^ ///rv ar/N .sliowin^ 

in Fig. 3 I. d3ie sccondaiaes of al(;(«-!iiiM iil, nf lln- .sccuiKlariu.s. (Oi, n. 

^ W. Shiil.'l.lt, r.S.A.) 

present no points necessary to 

dwell U[)on liere, after Avhat has Ih^cu said of the primaries. They 
are enormously developed in the Argus [/heasa.nt, and have curious 
shapes in some other exotic birds. They are often long enough to 
cover the primaries completely Avlien the wing is closed, as in 
grebes; on the other hand, they are (‘xtremely short in tin? swifts 
ai id humming-birds. 

The Tertiaries (Fig. 30, /) are properly the remiges Avhich groAv 
upon the U})j)er arm, huinenis. But such feathers are not wry evident 
in most birds, and the two or three innermost secondaries, groAving 
upon the very elboAA^, and commonly different from the rest in form 
or colour, pass under the name of “tertiaries.’’ Again, in some 
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cases, scapular feathers (Fig. *^>0, .sry>) arii called tertiarics, es])ccially 
when long or otherwise consj>icnous. ]hit there is an evident and 
proper distinction. Scapulars belong to the ])teryla hurnemlis (see 
p. l.‘>0) ; while tertiarics, whether seated on the clboAV or higher up 
th(j arm, are th(3 innermost remiges of the 'ptorjfhi ularix. These 
inner remiges :ire ofbm shortly called Irrthfls ; though the lorigei* 
mime is more*, coi rect, besi<les lieing eontbiTuable with the names of 
the otliei* two sm if.'s of riuniges. Tertiarics often allbrd good char- 
acters for d(‘.scri[)tion, in jx'cidiai ities of their size, sha[)C, or colour. 
'rJius it is vc'iy common among P'rinyiUhhr for th(‘se feathers to be 
paiti-coloured dillerently from tlie othei’ lemiges. In many birds 
they are long a,iid flowing ; as in the famili(‘S MotadUidir and ullcvi- 
d'uhr^ wlnne tlioy reach about to the end of the; j)rimaries Avheii the 
wing is closed. Tlieir developimmt is similar in many idcidoiHuidu’. 
hi sucJi cas(‘s, the feather-border of tin*, wing pronounces the letter 
W (piite strongly— -outer lower angli‘ at point of primarii‘s ; middle 
upper angle at reiMitraiice between primaiies and secondaries; inner 
low(‘r ajigh? at ])oint of tertiariiNS. 

'The “point of the wing” is at tin* tip of th(3 longest primary. 
It is best e\j)ress(!d when the first priimiiy is longest. Sometimes 
the end is so much rounded oft, that the midmost primaiy may bt3 
the long(3St om*, the, others being gradiiatial on both sides of this 
projecting point. In sp(‘aking of th(‘ relativi^ lengths of remiges, 
we always nn^an tlu* way in which tlu'ir tips fall together, not the 
a(*,tnal total l(‘,ngfhs of th(3 featlnu’s. Thus a sei.'ond pn’mary, whose 
ti[) falls oj)])osite the tip of tlie first one, is said to be of eipial length, 
though it may actually be longer, being seated liigher uj) on the 
pinion, d’ho d(;velopment of tin* primaries also furnishes one of the 
most inpiortant measurements of birds : for the expression “ hmgth 
of wing,” oi’ siiujily “the, wing,” means the distance fi’om tlie “bend 
of the wing,” or carjial angle, to the (iiid of the longest primary. 
4’h(; inlegument of tlie wing does not very often develo}) anything 
but feathers. Occasionally 

Claws and Spurs are found mion the pinion. Claws have been 
already noticed (p. 1(10). They are projierly so called, being horny 
growths comparable in evauy way to those upon the ends of tin* 
toes, like the claws of beasts, or human nails. A s/ao- (Lat. adrar), 
however, is something different, though of the same horny texture, 
since it does not tei-minate a digital ])halanx, but is off set from the 
side of the hand. It is exactly like the spur on the leg of a fowl, 
which obviously is not a claw. 'Flie spur-Avinged goose {rh’ctroptenfs)^ 
pigeon {Didintridus), plovers {ChetUtdm, etc.), the Jaeanas {Parra)^ 
and the doubly-spurred screamer (Paldmedctf), afford examples of 
such outgrowths. (See Fig. 53 ter.) 
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iir. Tin: tail. 

Its Bony Basis. — Time was when iiirds flow about with long, 
lizard-like, bony, and fleshy tails, having the teatlicrs inserted in a 
row on either side like the hairs of a squiiTehs. lint we have 
changed all that dixfiehou.'^ arrangement since wlien the .'hrJnruptcrfi.r 
was steered with such a rudder throngli the scenes of its »)urassic 
life. Now the true separate akr/p/nd liones ai'o few, generally 
about nine in numlier, and so short and stunted that they do not 
project beyond the general plumage — in fact, scarcely beyond the 
liorder of the pidvis. Anteriorly, within the bony basin of the 
[)clvis, there are several vertebra^, which, fusing togcdlier and with 
the true sarnniij are termed vrosuend or false tail-bones. To th(‘se 
succeed the true caudal vertebrae, movable upon (‘ach other and 
upon the nrosacrum. The last one of these, abruptly larger than 
the rest, and of peculiar shape, bears all the large tail- leathers, 
which radiate from it like the blades of a. fan. d'he true caudal 
vertebra) collectively form the rixn/.r ((Jr. kokkv*^, hdi'n.r^ a cuckoo; 
from fancied resemblance of the liuman tail-bones to a cuckoo’s 
hill; Fig. /)G, rfv); the enlarged terminal one is the ve/ac/’ (Lat. 
roniri'j a plonglishare, from its shape; m)t to b(‘. coidiisc^d Avith a 
bone of the skull of same name) or ((Ji*. rum]j, 

and frre Aos, .''V/'/es, a stake, pale ; Fig. f>G,yu/). The ])ygostyle, how- 
ever, is a compound bone, consisting of s(‘V('ral stunted c,oe.cygeal 
vertebra) fused in one. The bon(‘s are mo\'(‘d by appropriate 
muscles, and upon the snrfa(;e is seated the eheod(Jchon (p. l’J9). 
The whole bony and muscular affair is familiaa* to every one as the 
“pO[)e’s nose” of tlie (diristmas turkey ; it is a, biid’s real tail, of 
whicli the feathers are merely a})pendagcs. In desciaptive ornitlio- 
logy, however, the amatomical ]>ai-ts are ignored, tlie Avord “ tail ” 
having reference solely to the feathei's. ddiest*, like those of the 
wings, are of two sorts ; the coverts or and the rudders or 

red, rices (Lat. rectri.r, pi. veet rices, a j’uler, guider ; }>ecausc they seem 
to steer the bird’s flight) ; corres[K)nding e.xactly to the coverts and 
remiges of the Avings. The 

Tail-Coverts are the nninerous comparatively small and Aveak 
feathers Avhich overlie and underlie the rectrice.s, covering their 
bases and extending a variable distance toward their en<ls, con- 
tributing to the firmness and symmetry of the tail. They pass 
smoothly out from the body, by gradual lengthening, there being 
seldom, if ever, any obvious outAvard distinction between them and 
feathers of the rump and belly ; but they belong to the ideryla 
caudalis (p. 131). The natural dmsion of the coverts is into an 
upper and under set (textrices siqyeriores, tedrices inferiores). The 
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inferior coverts are the })est distinguished from the general plumage, 
the anus generally dividing off these “ vent-feathers,” as they are 
sometimes called. It is to the bundle of under tail-coverts, behind 
the vent, that the term rrksmi is most prop(;rly applied. Neither 
set is ever entii'cly wanting ; but one or the other, particularly the 
U})per one, may be very short, as in a cormorant, or duck of the 
genus Nris/itffltfnf, exposing the quills almost to their bases. While 
the up])er coverts are usually shorter and fewer than the under 
ones, re.icliing less than half-way to the end of the tail, they some- 
times take on extraordinary development and form the bird’s 
chi(‘fest ornament. The goi’geous, iridescent, argus-eyed train of 
the peacock consists of (aiormons tectrices, not rectrices ; the elegant 
plumes of the jiaradise trogon, I*har<nn(irni>^ morhmo, several times 
longer than tlui biixl itself, arc likewise coverts. Occasionally, a 
])air of coverts haigtlnuis and stilfens, and then resembles true tail- 
feathers, as in the ptarmigan (Lfnja/His). 'fhe crissal feathers are 
more uniforiji in development ; they ordinarily form a compact, 
deliiiite bundle, as well shown in a, duck, where they reach about to 
the end of the tail. In some of the storks, they become plumes 
of considerable pretensions known as ■/iKU'dl/oiis : and in the 
wond(‘rful humming-bird, Ijoddiijcsia mirahiH.^ the middle })air stiffens 
to resemble, rectrices and ])rojects far beyond the true tail. The 
Reetrices, Rudders, or true tail-featluus, like the reniiges or 
row(‘rs, are usually stiff, well-pronounced feathers, pcnnaccous to 

th(‘. veiy base of the vexilla, without 
'' after-shafts, as a rule, and with the 

outer web narrower than the other in 

most cases. They are always id 

jxfirs ; that is, there is an ecpnd 

number of .feathers on the lii^ht and 

~ - left half of the tail; and their niim- 

" ”6 conse(juently, is an even one. 

' The exceptions to this rule are so few 
and irregular, and tluMi only among birds with the higher numbers 
of I’t'ctrices, that such an^ juobabl}' to bi* regarded as mere anomalies, 
from accidental arrest, of a feather. Idiey are imbricated over each 
other in this wise : the central })air are highest, lying with both 
their webs over the next feather on either side, the inner web of 
one of these middle feathers indilferiaitly underlying or overlying 
that of the other ; all thus successividy overlying the next outer 
one so that they would form a j)yramid were they thick instead of 
being so flat. The arrangement is ])erccived at once in the accom- 
panying diagram ; where it will be seen, also, that sprcadiiKj the 
tail is the divergence of a from />, while closing the tail is bringing 
a and h together under r. The motion is effected by certain muscles 
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that draw on either side upon the bases of the (piills collectively ; 
they are the same that pull the whole tail to one sidcj or the other, 
acting like the tiller-ropes of a boat’s rudder. The (fencral 

Shape of a Reetrix is shown in Fig. 23. Such a feather is 
ordinarily straight, somewhat clubbed or oblong, widening a little, 
regularly and gradually toward the tij), whore it is gently rounded 



Fui. li'2. — TIk* Lyi'c-bij'd nf Au.stnilia, Mmunt ijo^ to slmw flu* \\uu\nc lurulr shape of 
tlic tail. 

otf. But the departures from such shape, or any that could be 
assumed as a standard, are numberless, and in some cases exti*eme. 
In fact, none of a birtl’s featliers are more variable than those of 
the tail ; it is im}K)ssiblc to siiecify all the shapes th(;y assume. 
AN Idle most arc straight, some are curved — and the curvature may 
be to or from the mitldle line of the body, in the horizontal jdane, 
or up and down, in the vertical plane. Some shapes have received 
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pjirticuLii* names. A rcctrix, broad to the very tip, and there cut 
squarely ofK, is said to ]>e tnmnU ; one such cut oldiqucly off is 
incisal^ espiicially when, as often liappens, the outline of the cut-off 
is concave. A /lumr rectri.x is very narnnv, with parallel sides ; a 
lanceolutr. one is broader at the base, thencii ta])ering regularly and 
gradually to the tip. A nota])ly pointed rectrix is said to be ; 
wh<;n the* ]>ointiijg is produced by abrupt contraction near the tip, 
as in most woodf)eck(;rs, tin? feather is unmiiiuffr. A very long and 
slemhir, nioi‘<^ oi‘ less linear fcathei* is euWad Jflfniiriifoiis^ as the lateral 
jiair of a hai n-swallow or most sea-swallows. The vanes sometimes 
(jiilarge abruptly at the end, foianing a s])()on-shapcd or apatulate 
feathei-; or such a sjioon may result from nari’owing of the vanes 
near the end, oi- their entile absence*, as in the “racket'’ of a saw- 
])ill {Monioln^). 'rh(i vanes are sometimes wavy as if crimped ; 
is a lim; exa,ni[)l(; of this. Sonnitimes the vanes are entirely loost'iied, 
tin*, barbs being nmioti^ fi'om each otlna*, as in the exotic gemus HHjh- 
fnrfts, aaid soiin^ parts of the wonderful caudal a])pendage of the male 
lynvbird {Jllnuint .sNper/Hf^ Fig. *d'2). AVIk'U the rhachis projects 
Ix'yond the vanes, the b'ather is .'<phtosr^ or ])etter, iiinrnnmie (Lat. 
mneroj a [irickei*), as (‘.xcellently shown in a chimney-swift of the genus 
dhidiU'it. A ])aii‘ of teathers abruptly extending far beyond the 
otlnu’s are calh*.d /(ntff r.rsnicf/^ afUu* the analogous use of the tei*m in 
botany. Tail-teatlu'rs also dilfer much in their consistency, from the 
softest and weakest, not well distinguislnnl from coverts, to such stiff' 
and rugg(‘d [irops as the woodpeckias jiossess. ddi(;y are downy and 
V(uy riulimentary in a lew ])irds, notalily all tlu^ grebes, J^odinjirdifhr, 
which ar(* commonly said to have no tail. The tinamous of South 
America {Droind'oiiudlhir) aiv also veiy closely docked. The 

Typical Number of Rectrices is lurhr. This holds in the 
great majoiity of l)ir(ls. It is so nnit|orm throughout the great 
gi’oup Oscines, that the lare exceptions seem perfectly anomalous. 
In the otluM- gi-onp of Rassnrs (G/a/jtafotrs) it is usually twelve, 
sometimes ten. Ten is tin* rnhi among Picari^r, though many have 
twelve, a very f(‘w oidy eight, as in the genus Crotojdffffpf. The 
whole of the wot)d])c,ckers (/Vr/Wu) have dppdyenflij ton ; but reall}' 
twelv(‘, of which the outi'r one on each side is simrious, very small, 
and hidden between the bases of the second and third feathers. 
Birds of prey (It'dpforrs) have usually twelve. In ])igeoiis the rule 
is twelve or foiirteiui ; but sixtet*n are found in some, and twenty 
in one case. In birds below these, the number increases directly ; 
there are often or usually more than twelve in the grouse family, 
and there may be sixteen, eighteen, or twenty, as among American 
gt*nera of Tetraonidir. Wading birds, often having Imt twelve, 
furnish instances of as many as twent3\ Those swimming birds 
with large well-formed tails, as the Lomjijpenne,^ and some Anatidce 
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have the fewest, as twelve, sometimes fourteen, rarely sixteen ; 
those with short soft tails have the most, as sixteen to twenty-four. 
Among the penguins there are thirty-two or more. The AreJuvo- 
pferj/x appears to luive liad forty, — a pair to each free caudal vertebra; 
and this may be considered the prototypic relation between the 
l)on(‘S and feathers of tlic tail. The 

Typical Shape of the Tail, as a Avhole, is the /d//. The modi- 
fications of foi’in, however, which are greater and more varied than 
those of the wing, are susceptible of better definition, and many of 
them have received special names. Taking the simj^lest case, where 
the rectrices are all of the same length, we hav(^ what is called the 
<‘veu, s(pf(ur, or irnnrafe tail. The other forms d(;part from this 
mainly by shortening or lengthening of certain feathers. A tail 
nearly or ((uitc even may liaA-e tlie two central feathers 1ong-exserted, 
as seen in the jaegers (Sfrycontrius), and tro[)ic-birds 
The most fre(|uent dci)arture from the even shape results from 
gradual shorteming of successive rectrices from the middle to the 
outer ones. This is called, in general, (inidaiimt or (jnu/iidfioii (Ijat. 

a step) ; such shortening may be to any degree. More 
precisely, graduati(.)n means shortening of each successive feather to 
the same extent, — sa^g each half an inch shoiter than tlui next; 
but such exactitude is not often expr(‘ssed. When the featliers 
shorten by more and more, we have the tine roiuithd tail, jirobaldy 
the commonest form among birds ; thus, the gradation between 
the middle and next pair may lx*, just appreciable, and then increase 
regularly to an inch between the m^xt and the lab'ral feather. The 
o])p()site gradation, by less and less shortening, gives the Avedge- 
shaped or nnieair (Lat. ntnrjis, a Avedg(‘) tail ; it is av(?11 shown liy 
the magpie {l^dd) in which, as in many other l)ii-(ls, the middle 
feathers would be called long-exserted were, the rest all as short as 
the outer one is. A cuneate tail, especially if the feathers be 
narrow and lanccolat(‘, is also called artilr, or [)ointed, as in the 
sprig-tailed duck {hajihi) or sharp-tailed grouse (Pnllna'les). The 
generic opposite of the gradated is the forked tail ; in Avhich the 
latei-al feathers succ(?ssiv(‘Iy increase in hmgth from the middle to 
the outermost pair. I'he least apj)reciable forking is called cmar- 
(jinaium, and a tail thus shaped is said to be einurgriude ; Avhen it is 
better marked, as, for instance, an inch of forking in a tail six 
inches long, the tail is truly forked or furade (hat. ftirc((, a fork). 
But the degrees of furcation, like those of gradation, are so insen- 
sibly varied, that qualified expressions are usual ; as, “ slightly 
forked,” “ deeply forked.” ih^ep furcation is usually accompanied 
by more or less narrowing or filamentous elongation of the lateral 
pair of rectrices, as in the barn swallows (llirundo) and most of the 
sea-swallows (Sterna). An advisable term to express such an ex- 
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treme furcation is forjiadr. (Lat. forfex, scissors), when the depth of 
th(i fork is at least eipial to the length of the sliortest feathers ; it 
occurs among tlie birds last named, in the spiicies of tlie tyrannine 
genus and elsewlicre. I)o)ihl (^-forked and doidde-wanded tails 

a.re not uncommon ; they result from combination of both opposite 
gradations, in tliis way : The middlij feathers being of a certain 
length, tlie next two or threii pairs ])rogrcssively increasing in 
length, and the I’est successively decreasing, the tail is evidently 
forked centially, roundiid extcn-nally, whicli is tluj double-rounded 
form, eiudi half of the tail being rounded ; it is shown in the genera 
i]fui((drsf('s and /liioiis. Now if with middle feathers as liefon*, the 
next pa,ij‘ or two dccreasi^ in hmgth, ami then tin; rest increase to 
the outermost, w(i have the double forked, a common style among 
sajidpi]iers, as if each half of the tail were forked. But in such 
case, the ibrking is slight, mend}' emaigination, being little more 


fy 
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t han proli’iision of the middle ])air of feathers in an otherwise lightly 
forked tail ; and in tlnMlouble-rounded form the gradation is seldom 
if ever great. 

I should also alludt*. to shapes of tail resulting from the relative 
positions of the teathers. Prominent among these is t\ui ntnqdladi' 
or foldrd tail of the barn-yard fowl, and others of the rJiaslaidda \ — 
a very familiar hut not common form. It is only retained while 
the tail is (dosed and coedNed up, — for when it is lowered and s})rcad 
in tlight it flattens out. The males of some of the African whydah 
Inrds {Iddi(linr) have nmiarkably lai-ge and long tails of somcAvhat 
similar character. Tlu^ ()p])osite disposition of the feathers is seen 
to some extent in crow-blackbirds (Qui.'<odff.'<)j Avhere the lateral 
feathers slant upward from the lowermost central pair, like the 
sides of a boat from its keel ; this is the senphoid (Gr. (r/vo[</n/, a 
boat) or carinate (Bat. carina, a keel) tail. The American “boat- 
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tailed ” gracklc lias been so named on this account. One of the 
most beautiful and wonderful of all the shapes of the tail is illus- 
trated by the male of the lyre-bird {Mcnnni siiprrhff, Fig. ;12), in 
which the feathers are anomalous both in shape and in texture, and 
the resulting form of the whole is unique. It should be remom]>ered 
that, to determine the shape, the tail shoiihl be nrarhf closed ; for 
spreading will make a square tail round, an emarginate one sipiare, 
etc. I give a diagram of the principal forms (Fig. 

rv. TllK FKKT. 

The Hind Limbs, in all birds, are organised for progrc'ssion — all 
can walk, run, or ho]) on land, though the power to do so is viu'y 
slight in some of the lower swimming birds, as loons and grebes, 
and certain of the lower {)erching ])ir(ls, as hummei’s, swifts, goat- 
suckers, and kinglishers. The}^ are specially fitted for })erching on 
trees, bushes, and other supports requiring to be grasped, in the 
great majority of birds, as throughout the l*((ss('irs^ .'Irrijn/rrs, 

('ohfmhir, and, in fact, many water-birds ; tluav l>eing few forms, 
mainly found among three-toed liirds, or those in Avhich the bind 
toe is short, weak, and elevat(‘(l, in which the extremity of tlu^ limb 
has not decided gi'asping power. The limb becomes a, jiaddle. for 
swimming either on oi' in the wat(‘r in many casi‘s. In not a few, 
as parrots and lards of [a-ey, the foot is serviceable as a, hand. 
Tho.se kinds of birds which liv<‘. in trees and laishes liabitually 
])rogress, even when on level gi‘ound, in a, seri(*s of bo])s, or ratlier 
leaps, both feet being moved together: in all the lowca* bii'ds, how- 
ever, the feet move one after th(‘- othei*, as in ordinary walking or 
running. The modifications of the hind limb ai*e more, numerous, 
more diverse, and more important in tlun'r bearing on classification, 
than tliose of either bill, wing, or tail; their study is conse([uently 
a matter of sjiecial interest. 

Their Bony Framework (Fig. :ll). — Meginning at the hip-joint, 
and ending at the extremities of the scvmal toes, the skeleton of 
the hind limb consists in the vast majority of adult birds of tornffi 
bones. This is the tyjiical and nearly the a,verage numbei' ; liirds 
scarcely ever have more, and the principal lessenings of the number 
result from the alisence of one or two toes, or a slight i-cduction in 
the number of the joints of some toe.s, or a,bsence of tin; kmje-cap. 
Of the normal twenty, fourteen are bones of the toes ; one is an in- 
complete })one connecting the hind toe with tlie foot ; one is the 
knei!-cap, and four are the principal hones of the thigh (1), leg (2), 
and foot (1). The first or ui)permost is the tliigh-bone or fmmr 
femur ; adjective, femoral), fiiij from hip to knee, A to B in the 
figure. It is a rather short, quite stout, cylindrical bone, enlarged 
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above and below. Abov (3 it has a globular head, rr, standing off 
obli((uely from the sliaft, received in the ncAahulnhi (Lat. aceta- 
hnkim^ a kind of rccc])tacle) or socket of the hip, and a jn'orninent 
slioulder or trocltanirr^ wliich abuts against the brim of the acetabulum, 
llelow, it ex[)an(ls into two anuhflr^ ((Ir. K6i'(3rAo9, iondvlos, a knob), 



l-’u). Uiiiu's nf a liinl's liin«I limb: from a duck, VJaiKjnht itihuu/iiii, 'I iiat. si/c ; 

Dr. li.W. Sliufcldt, L’.S, .A. J, liip; /.*, kma* ; (\ lu-id or aiiklc-joiiit, ; 1), ])a.sc.s of tors. 

J to /!, or “scrond .ioint” ; to (\ i*rus, Ic}^ jiroprr, " drumsliidv,” ofliMi wrongly railed 

“ tliigU” ; < ’ to /», midatavMis, fool proixT, oorres\)omliiig to our insi.ep, or foot from ankle to 
oases of toi's; in ileseriptive ornilhology tJir often ealled “shank.” From T) outward 

are Ihe toes or iligits. fm, femur; //», tibia, puneijtal (inner) bone of leg; Ji, libula, lesser 
(<iiiti‘r) bone of leg : nit, principal imdafarsal bone, consisting idiielly of three fused metalar.sal 
bones ; am, aeei's.sory metalar.sal, bearing 1/, lir.st or him! toe, with two .joints; 1.7, second toe, 
with 1 iiree .joints ; '.it, third toe, willi four .joints ; •!/, fourth toe, with live .joints. At D there 
are in the embryo some small tarsal bones, not .shown in the liguie, uniting in part with the 
tibia, which is tiierefore a tiliin.rar'.iiii, in part with the metatarsus, which is therefore a farsn- 
nit fata r.-^ini ; the anUle-.joint being therelbre between two rows of tarsal bones, not, as it appears 
to be, direidly betwi-eii tibia and uudatarsus. 


for articulation Avith both the bones it meets at the knee. It is the 
same bone as the femur of a quadrui)cd or of man, and corresponds 
to the Inunerns of tlic Aving. In the knee-joint, many or most birds 
have a small ossicle, and a feAv have two such bony nodules, not 
shoAvn in this figure, but nearly in the position of the letter B ; it 
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is the knee-pan or knee-cap, paieUa (Lat. patdia). The thigh is the 
first segment of the limli ; the next segment is the leg proper, or 
crus (Lat. crus, the shin ; adjective, crural), /> to 0 in tlie figure, or 
from knee to heel. This segment is occupied hy two bones, the 
fihia (Lat. tibia, a tube, trumpet), fh, aiul fibula (Lilt, fibula, a splint, 
clasp), fi. Of these the tibia is the principal, larger, inner bone, 
running (piite to the heel ; the fibula is smaller, and (Avith rare 
exceptions, as in some of the penguins) only runs part way down 
the outside of the tibia as a slender 2 )oiiited spike, close pressed 
against or even partly fused Avith the shaft of the tibia. Above, at 
the knee, both bones articiilahj A\uth the femur; the tibia Avith both 
the femoral condyles, the filaila only Avith the outer condyle. 
Above, the tibia has an irregularly expanded head or cnemial pro- 
cess (Or. Kviljiig, hieme), Avhich in some birds, as loons, runs high 
up in front above the knee-joint. IleloAA", the tibia alone forms the 
ankle-joint, (', by articulating Avith the next bone. For this i)urpose 
it ends in an enlarged trochlear (Or. rpoyaAm), or pulley-like surface, 
])rescnting d little fovAvard as Avell as doAvnward, above ANddch, in 
many birds, there is a little Ixmy bridge bem'ath Avhich tendons 
passing to the foot are confined. This finishes the leg, consisting 
of thigh, A ]), and leg proper, Jl (\ bringing us to the ankhj-joiiit 
at the heel, (■. 

Noav a bird’s legs, unlike ours, arc not set)arate from tlie body 
from the hip doAVinvard ; but, for a variable distance, arc enclosed 
Avithin the g(*ncral integument of the body. The fre(‘dom of the 
limb is greatest among the high perching birds, and especially the 
llaptores, Avhich use the feet like hands, and h^ast among the lowest 
swimmers. The range of variation, from gieat(‘st freedom to most 
extensive enclosure of the limb, is from a litth*. above /> msirly to i ! — 
the latter in the case of a^ loon, grebe, or penguin. In no laid is* 
the knee, />, seen outside the general contour of the plumage : it 
must be looked or felt for among thci feathers, and in most pre[)ared 
skins Avill not be found at all, the femur having ])een removed. It 
is a point of little practical conse<iuence, tliough bearing upon the 
generalisation just made. The first fdnt, or bending of’ the limb, 
that appears beyond a bird’s [ilumago is the heel, or s a [I'nnji), (! ; and 
this is Avhat, in loose popular parlance, is called “knee,” upon the 
same erroneous notions that makii people call the Avrist of a horse's 
fore-leg “knee.” People also call a bird’s crus or leg proper, H to 
C, the “ thigh,” and disregard the true thigh altogether. This con- 
fusion is inexcusable ; any one, even Avithout the slightest anatomical 
knoAvledge, can tell knee from heel at a glance, whatever their 
respective jiositions relative to the body. Knee is at junction of 
thigh and leg proper ; it always bends forwaid ; heel is at junction 
of leg Avith foot, and ahvays bends backAvaid. This is as true of a 
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bird, which is (lyjitigrade, that is, walks on its toes with its heels in 
the air, as it is of a man, who is 'pldnivjrade, that is, w^alks on the 
whole sole of the foot, with the heel down to the ground. In a 
carver’s language, the thigh is the “second joint’’ (from below); 
the leg is tlm “drumstick ” ; the rest of a fowl’s hind limb does not 
usually come to talde, having no flesh upon it. 

before proceeding to the next segment of the limb, I must dwell 
upon the ankle-joint, situated at the heel, — the point 6\ — corre- 
sponding to th(i carpal angle or bend of the wing, C, in Fig. 27. 
Tlicre we found, in adult birds, two small carpal bones, or bones of 
the wrist ])ro])er ; and noted the presence in the embryo of several 
other carpals (hig. 29), which early fuse with the metacarpus. Just 
so in th(} ankle, tli(n*c are in embryonic life several tamil bones, or 
boiK's of tin*. /e/r.sv/.s‘ (Lat. the ankle); all of which, however, 

soon disapj)ear, so that there appears to be no tarsus, or collection 
of little bones between the tibia and the next segment of the liml), 
tlui An upper tarsal bone, or series of tarsal bones, fuses 

with th(} lower end of the tibia, making this leg-bone really a filnih 
larsffs ; and siTnilarly, a lowcn* bone or set of bones fuses with the 
n[>[)ei’ end of the metatarsus, making this bone a tarso-inetatar.^us. 
So there are left no free bones in the ankle-joint, which thus appears 
to be inim(idiat(‘ly between the leg-bone and the principal foot-bone; 
but which is mwertheless really between two series of tarsal bones, 
the stiparateiiess or identity of which has been lost.^ 

’riie next segment of the liml>, C to />, or the foot proper, is 
repnjsentcd by the principal /aHaf((n>id ]>one, 'mt. This corresponds 
to the human in.dep oi' arcli of the foot, nearly from the ankle-joint 
<piite to the roots of the toes. The metatarsal bone, like the meta- 
carpal of the hand, which it represents in the foot, is a compound 

’ 'I'lu* t lioiiiolo.unu's of a vanishing tarsal hones are still questioned, 

(legi'iihaur showed the so-t-ulled e|»i|(hysis fw shoe of hone at the foot of the tihia, 
and the ^iniilar eap of hone. <>ii tint head of the jirineipal metatarsal hone, to be true 
tar^^al elements. Morse went further, showing tluj tihial epiphysis, or njqter tarsal 
boiu* of (legi-nhanr, to he really tuo hones, wliieh lie helil to eovrespoiid with the 
tihiale and (iimlare, or ifstnii/ahis and cidaniruui of maminals ; these subsequently 
eoinldniiig to Ibnii tlie single njjpiT tarsal bone of Gegenbanr, and linally becoming 
aiie.bylosed with the tihia to form the hitroehlear condylar surface so character- 
istic ot the tibia of Arr.'i. The distal tarsal ossicle he believed to be the 
irn/ndr of rejhiles. Wyman discovered the so-ealle<l “process of the astragalus’' to 
have a distinct i^ssiluatioii, ami Morse interpreted it as the in ter medium of re])tiles. 
Later views, however, as of Huxley and Parker, limit the tihial epiphysis to the 
nstrioftilus a\one ot mammals. If these opinions he correct, other tarsal elements 
(more than one) are to he lookeil for in the ejiiphysis of the metatarsus. Whatever 
the linal determination of these ohseure ])oiuts may lie, it is certain that, as said in 
tlie text above, the lower end of a bird’s tibia ami the upper end of a bird s meta- 
tarsus ineludi' true tarsal elements, just as the iijiper end of the metacari>us includes 
carpal elements ; and that a bird’s ankle-joint is not tibio-tarsal or between leg-hone 
and loot -hones, as in maminals, hut between proximal and distal series of tarvSal bones, 
and theretore. tarsal, as in rejitiles. 
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one. Besides including the evanescent tarsal element or elements 
already specified, it consists of three, metatarsal bones consolidated 
in one, just as the metacarpal is tripartite. Among recent birds, 
the three are partly distinct only in the penguins ; but in all, ex- 
cepting ostriches, the original distinction is indicated by tliree 
prongs or stumps at the lower end of the bone, forming as many 
articular surfaces for the three anterior toes. The other toe most 
birds possess, the hind toe, is liinged upon the metatarsus in a 
different way, by means of a small separate metatarsal bone, quite 
imperfect; this is the accessor jj metafnrsal^ am. It is situated near 
the lower end toward the inner side of the principal metatarsal 



bone, and is of various shapes and sizes ; it has no true jointing with 
the latter, but is simply pressed close upon it, much as the fibula is 
Jipplied to the tibia, or partly soldered with it. Above, it is defect- 
ive ; below, it bears a good facet for articulation with the hind 
toe. Ill spite of anatomical proprieties, the metatarsal i)art of a 
bird’s foot — from heel to base of toes — from C to />, is in ordinary 
descriptive ornithology invariably called The Tarsus”; a wrong 
name, but one so firmly established that it would be finical and 
futile to attempt to substitute the correct name. In the ordinary 
attitude of most birds, it is held more or less upright, and seems to 
be rather “leg” than a part of the “foot.” It is vulgarly called 
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“the shank.” These points must be ingrained in the student’s 
mind to j)revent confusion (Fig. 34 hin). 

The dMjiU of the foot, or toes, upon which alone most birds walk 
or percli, consist of certain numbers of small ])oncs placed end to 
eml, all jointed upon one another, and the basal or ])roximal ones 
of each tfxi sejiarately jointed either with the principal or the acces- 
sory metatai’sal bone. Like those of the fingers, these bones are 
called '/ih<itoii(frs (hat. pJufhmr, a rank or series) or iiiternodes (because 
coming betwiMni any two joints or nodcjs of the toes). The further- 
most oiKi of (iach almost invariably bears a nail or claw (unguis). 
Tlic ])li:dang(is are of various relative lengths, and of a variable 
nnmhcr in th(i same or dilferent toe.s. But all these points, being 
matters (jf desci iptive ornithology rather than of anatomy proper, 
are fully treated beyond, as is also the special horny or leathery 
covering of the feet usually existing from the point C outward. We 
may Iku’c glaaice at the 

Mechanism of these Bones. — The hip is a ball-and-socket joint, 
poi’mitting roundabout as well as fore-and-aft movements of the 
whole limb, tliougli more restricted than the shoulder-joint. The 
knee is usually a strict guigljfmns (Ur. ytyykviw^, giggluuios, hinge) 
or hing(5-joint, allowing only baclvAvard ami forward motion ; and so 
constructed that the forward movement of tlui leg is never carried 
beyond a right line with the femur, while the backward is so exten- 
sive tliat the leg may be (piite doubled under the thigh. In some 
birds there is a slight rotatory motion at the knee, very evident in 
certain swimmers, by which the foot is thrown outward, so that the 
broad webbed toes may not “interfere.” The heel or ankle-joint is 
a. st rict hinge ; its bendings are just the reverse of those of the knee ; 
for tlu^ foot cjuinot. pass back of a right line with the leg, but can 
come forward till the toes nearly touch, the front of the knee. In 
some i)ir(ls the details of structure are such that, Avith the assistance 
of cei'fain miisc.les, the foot is lodnl u])on the leg Avlieii comphitcly 
straightened out, so lirndy that some little muscular elfort is recpiired 
to overcome the obstacle ; birds Avitli this arrangement sleep securely 
standing on one leg, Avhich is the design of the mechanism. The 
jointing of the toes with the prongs of the metatarsus is peculiar : 
lor the articular surfaces are so disposed in a certain obliquity, that 
Avhen the toes are brought forwards, at right angles or thereabouts 
Avith the foot, they spread apart from each other automatically in 
the action, and the diverging toes of the foot thus opened are 
l)i‘ossed u])on the ground or against the Avater. When the toes are 
bent around in the opposite direction, they automatically come to- 
gt'tber and lie iq a bundle more or less parallel Avith one another, 
besides being each bent or flexed at their several nodes. This 
mechanism is best marked in the SAvimmers, Avhich, for advantageous 
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use of their webbed toes, must present a broad surface to the water 
in giving the backward stroke, and l>ring the foot forward with the 
toes closed, presenting only an edge to the water, — on the principle 
of the feathering of oars in rowing. It is carried to an extreme in 
a loon, where, when the foot is closed, the digit marked 2^ in the 
figure lies below and behind 3/. It is jirobably least marked in 
birds of prey, which give the clutch with their talons spread. The 
jointings of the individual phalanges of the toes upon one another 
are simple hinges, permitting motion of extension to a right line or 
a little beyond in some cases, Avith very free flexion in the opposite 
direction. On the whole, the mechanics of a bird’s foot are less 
peculiar tlian those of the Aving, and quite like those of the limbs 
of a quadruped. 

In oi’dinary hopping, Avalking, and running, and in perching as * 
well, only the toes rest upon or grasp the siqiport, from 2) to be- 
yond, C being more or less vertically over Such resting of the 
toes is complete for 2/, 3^, 4/ in the figure, or for all the anterior 
toes ; but for the hind toe it A^aries according to th4 length and 
position of that digit, from complete incumbency, like that of the 
front toes, to mere touching of the tip of that toe, or not even this : 
the hind toe is then sure to be functionlcss. Bub many of the 
lower birds, such as loons and grebes, cannot stand at all upright on 
their toes, hut rest Avith the heel (t/) touching the ground; and in 
many such cases tlu^ tail furnishes additional support, making a 
tripod Avith the feet, as in the kangaroo. Such birds might be 
called plantigrade (Lat. planta, the sole; gradiis, a ste[)) in strict 
anatomical conformity Avith the (tuadrujieds so designated. The 
others arc all digillgrade, standing or Aval king on their toes alone. 
But no birds progress on the ends of their toes, ot* toe-nails, as 
hoofed quadrupeds do. A Jiird’s walking or running is the same as 
ours, so far as the ordinary mechanics of the motions are concerned ; 
but its so-called “ hopping ” is really leaping, both legs moving at 
once. Most birds, doAvn to CoIuhiJaPj leap Avhen on the ground, a 
mode of progression characteristic of the higher orders ; but many 
of the more terrestrial l^fsscres and ylccipifirs progress by ordinary 
walking when on the ground, as is invariably the case Avitli parrots, 
pigeons, gallinaceous birds, and all Avaders and SAvimmers. 

The student need scarcely be reassured that, Avhatever their modi- 
fications, their relative development, motions, and postures, the 
several s(;gnients of both fore and hind limbs of any vertebrate, 
quadruped or biped, feathered or featherless, are fixed in one mor- 
phologically identical scries, thus : 1, shoulder or hip-joint ; 2, upper 
arm or thigh, humerus or femur ; 3, elboAv or knee-joint ; 4, fore- 
arm or leg proper, radius and ulna or tibia and fibula ; 5, wrist, 
bend of Aving, caiq^us, or heel, ankle, tarsus ; 6, hand proper, meta- 
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carpus, or foot proper, metatarsus ; 7, digits with their phalanges, 
of hand or foot, fingers or toes. Observe the improper popular 
naming of these parts, in the case of the hind limb, whereby 1, 2, 3, 
are not generally counted ; 4 is miscalled “ thigh ” ; 5 is miscalled 
“kneo’^; G is miscalled “leg” or “shank”; 7 is miscalled “foot.” 
Observe also that in descriptive ornithology 6 is “ ihe, tarsus^ 

The Plumage of the Leg and Foot varies within wide limits. 
In general, the leg is feathered to the heel, C, and the rest of the 
limb is bare of feathers. The thigh is alwaijii feathered, as part of 
the body i)lumag(^ (jlrnfla fniioralh). The crus or leg proper (thigh 
of vulgar language, 11 to (J) is feathered in nearly all the higher 
birds, and in swimming birds without exception ; in the loons, the 
feathering even extends on the heel-joint. It is among the walking 
and especially the wa<ling birds that the crus is most extensively 
denuded ; it may be naked half-way up to the knee. A few waders 
— Jiniong Ihitish liirds, chielly in the snipe family — have the crus 



Fi<!. ri.’).— rcallwMvd tarsus i.f the i>rain(>lien, Ciipidnnta cupidn. Nat. siz(‘; from life hy Coiu->. 

apparently clothed to the heel-joint ; but this is due, in most if not 
all cases, to the length of tlu; feathers, for jtrobably in none of them 
docs the ptt'ryla cruralis itself extend to the joint. Crural feathers 
are nearly always short and inconspicuous ; but sometimes long 
and llowing, as in the “ tlags ” of most hawks, and in the American 
trcc-cuckoos (Corrj/r.us). 4 he htrsiis (I now and hereafter use the 
t(‘rni in its ordinary accc})tation — C to 1) in Fig. 34 ; trs in Fig. 30) 
in the vast majority of birds is entirely naked, being providccl with 
a horny or Fathery sheath of integument like that covering the 
bill. ►Such is its condition in the I^fssrres and Picarm (with few 
exce[)tions, as among swifts and goatsuckers) ; in the waders with- 
out exception, and in nearly all swimmers (the frigate-bird, Tuclvj- 
has a slight feathering). The Pajitorrs and GaUince furnish the 
most feathered tarsi. Thus, feathered tarsi is the rule among owls 
(^// z 7 c.s•); frequent, cither partial or complete, in hawks and eagles, 
as in AtpiUa, Anlilhitco, Foleo, Bnteo^ etc. All British grouse, and 
perhaps all true grouse, have the tarsus more or less feathered (Fig. 
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35). The toes therrivselves are feathered in a few birds, as several of 
the owls, and all the ptarmigans (Lagoims). Partial feathering of 
the tarsus is often continued downward, to the toes or upon them, 
by sparse modified feathers in the form of bristles ; as is well shown 
in the barn-owl (Fig. 47). When incomplete, tlie feathering is 
generally wanting behind and below, and it is almost invariably 
continuous above with the crural plumage. Put in that spirit of 
perversity in which birds delight to prove every rule we establish 
by furnishing exceptions, the tarsus is sometimes partly feathered 
discontinuously. A curious example of this is afforded by the bank- 
swallow, Cotile riparia, with its little tuft of feathers at the base of 
the hind toe ; and some varieties of the barn-yard fowl sprout mon- 
strous leggings of feathers from the side of the tarsus. 

The Length of Leg, relatively to the size of the bird, is ex- 
tremely variable ; a thrush or sparrow probjibly represents about 
average proportions of the limb. The shortest-legged bird known 
is probably the frigate-pelican {To city petes ) ; which, thougli a yard 
long, more or less, has a tibia not half as long as tlv3 skull, and a 
tarsus under an inch. The leg is very short in many Picarian birds, 
as hummers, swifts, goatsuckers, kingfishers, trogons, etc., in most 
of which it scarcely serves at all for progression. Among Fasseye.% 
the swallows resemble swifts in shortness of their hind limbs. It 
is pretty short likewise in many zygodactyl, yoke-to(‘d, or scansorial 
birds, as woodpeckers, cuckoos, and parrots. In most swimming 
birds the limb may also be called short, es])ecially in its femoral 
and tarsal segments ; while the broad-web})e(l toes are comi)arativcly 
longer. The leg lengthens in the lower pca’ching birds, as many 
liaAvks and some of the terrestrial pigeons ; it is still longer among 
walkers proper, such as the gallinaceous birds, and reaches its 
maximum among the waders, especially the larger ones, such as 
cranes, herons, ibises, stoiks, and fiamingoes ; among all of which 
it is correlated with extension of the neck. Probably the longest- 
legged of all birds for its size is the stilt {lliimuitopns). Taking 
the tarsus alone as an index of length of the whole limb, this is in 
the frigate under one-thirty-sixth of the bird’s length ; a fiamingo, 
four feet long, has a tarsus a foot long ; a stilt, fourteen inches 
long, one of four inches ; so that the maximum and minimum 
lengths of tarsus are nearly thirty and under three per cent of a 
bird’s whole length. 

The Horny Integument of the Foot recjuires jiarticnlar atten- 
tion. That part of the limb whicli is devoid of feathers is covered, 
like the bill, by a hardened, thickened, modified integument, vary- 
ing in texture from horny to leathery. This sheath is called the 
podotheca (Gr. ttoc?, pous, podos, foot, and theke^ sheath). 

It is more corneous in land birds, and in water birds more leathery ; 
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this general distinction has but few exceptions. The perfectly 
horny cnvelopci is tight, and immovably fixed or nearly so, while 
the skinny styles of sh<*ath arc looser, and may usually be slipped 
about a little. The integument may differ on different parts of 
the same leg, ;ind in fact gumcrally does so to some extent. Unlike 
tlie sheath of the liill, the podotheca is never simple and continuous, 
being divided and subdivided in various ways. The lower part of 
tlie crus, when naloid, and the tarsus and toes, always have their 
inieguitKiiit cut up into scales, plates, tubercles, and other special 
formations, which have rcc(‘ived particular names. The manner 
and character of such divisions are often of the utmost consequence 
in classification, esj)ccially among the higher birds, since they are 
quite significant of genera, families, and even some larger groups. 



,m. - I \ Ki,!. :{7.— Scntcl- — (t, Ucticnlato tarsus of a 

laiuhiiplaiitiir pt“vor. Nat. sizt>. Scntollatc ami 
Ki... l;iniiiii|»laninr tarsus <»!' Ji cat- p'ticnlate tarsus of a pigeon. Nat. 

far-'iisofa viAnn^rnrthts miijnitorim/). l)ir<l (Minins i-ueo- % size. 

N:il. si/c. O' at’ /j sis). Nat. si /e. 


The commonest division of the podotheca is into scales or scu fella, 
(Lat. .srutelhuii^ a, little shield; pi. scatella^ not saftcUce as often 
written); Figs. .‘17 and .‘IS, h. These are generally of largo com- 
parative size, arranged in d(*finitc vertical series iq) and down the 
tarsus and along the toes, and apt to be somewhat imbricated, or 
fixed shingle-wise, the lower edge of one overlapping the upper 
edge of the next. The great majority of birds have such scutella. 
They oftenest occur on the front of the tarsus (or acrotarsinm, corre- 
sponding to our “instep”), and almost invariably on the tops of the 
toes (collectively called acropodhun ) ; frequently also on the sides 
and back (phtiifa) of the tarsus ; not so often on the crus ; and 
rarely if ever on the sides and under surfaces of the toes. A tarsus 
so disposed as to its podotheca is said to be sciUellate , — scutellate 
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before (Fig. 37), or behind, or both, as the case may be. The term 
is equally applicable to the acropodium, but is not so often used 
because scutellation of the upper sides of the toes is so universal as 
to be taken for granted unless the contrary condition is expressly 
said. The most notorious case of the Oncim [nnlotheca (Figs. 36, 37), 
characterising that great group of birds, is given in the next 
paragraph. 

Flate.% or reticulations (Lat. rdiciihnn, a web ; Fig. 38, a) result 
from the cutting up of the envelope in various ways by cross lines. 
Plates are of various sliapes and size.s, and grade usually into true 
scutella, from which, however, they are generally distinguished by 
being smaller, or of irregular contour, or not in definite rows, or 
lacking the appearance of imbrication ; but tliere is no jiositive 
distinction. They are oftenest he.mgonal (six-sided), a form best 
adapted to close jxicking, as shown very perfectly in the cells of 
the honey-bee’s comb ; hut they may have fewer sides, or be i^ohj- 
cjonal (many-sided) or even circular ; when crowded in one direction 
and loosened in another the shape tends to be oval ftr even linear. 
A leg so furnished is said to lie reticulate : the reticulation may bo 
entire, or be associated with scutellation, as often happens (Fig. 38, b), 
A particular case of reticulation is called ffranu latum (Lat. granuuij 
a grain), when the plates become elevated into little tubercles, 
roughened or not. Huch a leg is said to be [jraihu]ai\ (jra nutated or 
rugose: it is well shown by parrots, and the osprey (Pamdion), 
When the harder sorts of scales or plates ai'e roughened without 
obvious ehivation, the leg is said to be scabrous or scarlous (Lat. 
scabrum^ a scab). But scabrous is also said of the under surhices of 
the toes, when these develop special yutds^ or wart-like bulbs (called 
tfjlari) ; as is well shown in many luiwks. The soften' sorts of legs, 
and especially the webs of swimming birds, are often marked cross- 
wise or cancellated with a latticework of lines, these, however, not 
being strong enough to ])roduco plates ; it is more like the lines 
seen on our palms and finger-tips. The plates of a part of the leg 
occasionally develop into actual serrations ; as witnessed along the 
hinder edge of a grebe’s tarsus. When an unfeathered tarsus shows 
no divisions of the podothcca in front (along the jicrotarsium), or 
only two or three scales close by the toes, it is said to be hooted or 
greaved ; and such a podotheca is hololhcad (Gr. 6A09, holosj whole, 
entire, and Oijkt^ ; Fig. 30). The generic opposite is srhirsothecal 
(Gr. o-ytfo), I cleave), whether by scutellation, or reticulation, or in 
any other way the integument may be cut up. A booted or holo- 
thecal tarsus chiefly occurs in the higher Oscines, and is supposed 
by ornithologists to indicate the highest type of bird structure. It 
is, however, found in a few water birds, as Wilson’s stormy petrel 
and other species of Oceanites, It is not a common modification. 
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Exceptions aside, it only occurs in connection with an equally 
particular condition of the sides and hack of the tarsus, or plauta. 
In almost all (Mine Tasseres {Alaudidce are an exception), which 
constitute th(i great bulk of the large order Passeres, the jdanta is 
covered with one pair of plates or laniuuv, one on each side, meeting 
behind in a sharp ridge; a condition called laminijplantar, in dis- 
tinction from the opposite, scutelliplaniar, state of the parts. A 
holothecal podotheca only occurs in connection with the lamini- 
’ plantar condition, the combination resulting in the perfect “boot.” 
Among Ilritisli birds it is exhibited by the following genera : 
Tnrdu.% Pi mi us, Haxkola, hW/nlus, Cijanecida, Pliylloscopus ; and even 
birds of these genera, when yonnfi, show scutella which disappear 
with aj'e by proi^ressive fusion of the acrotarsial podotheca. (Com- 
pai*e Figs. 30, 37.) 

The Crus, when liarc of feathers below, may, like the tarsus, be 
seutellate or reticulate before or behind, or lioth; such divisions of 
the crural integument being commonly seen in long-legged wading 
birds. Or, Jivgain, this integument may be loose, softish, and 
movabl(‘, not obviously divided, and passing directly into ordinary 
skin. 

The Tarsus, in general, may bo called siibcylindrical : it is often 
([uite circular in cross-section ; generally thicker from before liack- 
ward, and otdy rarely wider from one side to the other than in the 
opposite direction ; but such a shape as this last is exhibited by the 
penguins. When tin* transverse thinness is noticeable, the tarsus is 
said to be runrpressed : and such compression is very great in a loon, 
in which the tarsus is almost like a knife-blade. Quito cylindrical 
tarsi occur chietiy when tlu‘ro are similar scales or plates before and 
behind, as happens in the larks [Ahtudvhv) ; they are rare among 
land ])irds, common among waders. Those swimming birds which 
have a. very thin skinny jiodotheca are a])t to show traces of the 
four-sidcdin*ss of the metatarsal bone. The tarsus in the vast 
majority of land birds is s(!en on close inspection to lie somewhat 
oval or drop-shaped on cross-section, — gently rounded in front, 
more compressed laterally, and sharp-ridged behind. This results 
from the huniinplantafitiK described above, and is equally well ex- 
hibited by most passerine birds, whether they have booted or 
anteriorly seutellate tarsi. The line of union of anterior scutella 
with i)osterolatcral plates on the sides of the tarsus is generally in a 
straight vertical line, — either a mere line of flush union, or a ridge, 
or oftencr a groove (well seen in the crows), which may or may not 
be filled in with a few small narrow plates. In Clamatorial Passeres 
the tarsus is enveloped in a scroll-like podotheca of irregularly 
arranged plates, the edges of the scroll meeting along the inner side 
of the tarsus. — But the full consideration of special states of the 
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tarsal envelope, however important and interesting, would be part 
of a systematic treatise on ornithology, rather than of an outline 
sketch like this. 

The Normal Number of Toes (individually, digiti ; collectively, 
podium) is four : there are never more. There are two in the ostrich 
alone, in wliich both inner and hind toe are wanting. There are 
three in all the other struthious birds 
(Ehcidcc, Casnuriidce)^ excepting yl])terf/.r, 
which has four. There are likewise 
three, the hind too being suppressed, in 
the tinaminc genera CaJodrowo^ and 
Tinamoih {Dromwognailuv) ; throughout 
the auk iiimWy {Alcidcr) j in the petrel 
genus Pelecanoides ; apparently in the 
albatrosses {Diomedeinoi ; in these, 
however, there is a rudiment of the 
hind toe) ; usually in the gull genus 
; in the flamingo genus Phienieo- 
parra ; throughout the bustsird family 
(Otidid(e)j and among various related forms, as (Pdirnemus, 
HivmatopuSj Ifimantopus^ EmeuSy Oursorlus ; in the idovers {Cham- 
driid(e)y excepting >^(piatarola ; in the sandpi[)er genus (!<didris ; and 
in the bush-cpiails (Turnicidee), excepting Pedio/toiiins. In higher 
birds three toes are a rare anomaly, oidy known to occur in three 
genera of woodjieckers {Piandeii, aSV/n/V/, and 77//a.), and in one galbu- 
line genus (Juatmandcf/on)^ by loss of the hiiul toe ; in two genera 
of kingfishers {Ce//.K and Alqpme\ by suppression of the inner front 
toe; and in the passerine gemus liy defect of the outer 

front too. Birds with two toes are said to be dldartgl ; with three, 
iridacif/l ; with four, teiradudyl. In the vast majority of cases birds 
have three toes in front and one behind. Occasionally cither the 
hind toe or the outermost front toe is rersatile, that is, susceptible of 
being turned either way. Such is the condition of the outer front 
toe in most owls (Slriges), and in the osprey {P(indion). There is no 
case of true versatility of the hind toe among North American birds ; 
but several cases of its stationary somewhat lateral pi^sition, as in 
goatsuckers (CaprirmdgkUe), some of the swifts {C ffpselidief the loons 
{Coli/inhidce), and all the totipalmate swimmers (Steganopodes). The 
rarest of all conditions (seen in some Cypsidldie, and the African 
Coliidcc) is that in which all four toes are turned forward. The 
arrangement of toes in pairs, two before and two behind, is quite 
common, being characteristic of scansorial birds and some others, as 
all the parrots and woodpeckers, cuckoos, trogons, etc. Such 
arrangement is called zggodadyl or zygodactylous (Gr. fryov, zugon, 
a yoke ; SaKTvXo^, daJdulos, a digit) ; and birds exhibiting it are said 
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to ha yoke-toed (Fig. 45), In all yoke-toed birds, excepting the 
trogons, it is the outer anterior toe which is reversed ; in trogons, 
the inner one ; the liittea- arc called heterodaetylons. In nearly every 
three-toed bird, all three toes are anterior ; an exception is in the 
genus Rlroole.^^ Avherc the true hind toe is wanting, the outer anterior 
one being reversed as usual in zygodactyls. No bird has more toes 
behind than in liv)nt. Ihrds’ toes, and their res[)ective joints, are 
Numbered, in a certain definite order, as follows (sec Figs. 34, 36): 
hind t(je Jirs/, toe, It; iniuir anterior ton ^ second too ^ 2t : middle 
anterim* toe ^ third toe, 3// outer anterior ton ~ fourth toe, 4^. 
Such identification of I/, 2/, 3/, it a])plics to the ordinary case of 
t}ir(*e toes in front and one beliind. Jlut, obviousl)^, it holds good 
for any otlnu* arrangement of the toes, if we only know which one 
is changed in position, --a thing always easy to learn, as we shall 
s(Mi at once. In birds with tlie hind toe reversed, bringing all four in 
front, tlni same order is evident, though then it is the inner 
anterior, 2/ the next, etc. ; for it always ha})pcns, when a hind toe 
turns forward, *that it turns on the itnwr side of the foot. Similarly, 
in yoke toed birds (exce))ting TroyouUhr), it is the outer anterior 
whicli is turned backward, as above said ; th(*n, evidently, inner 
hind toe ~ 1/5; inner front toe -2^; outer front toe = 3t ; outer 
hind toe - 1/. In Tro(i(mid(r^ with inner front toe reversed, the 
conviction of tlui formula is easily made. IMoreover, when the 
num]>ej‘ of toes decreases from four to three or two, the digits arc 
almost always reduced in the same order : thus, in threo-toed birds, 
1/ is tlie missing one; in the twteloed ostrich. It and 2t are gone. 
Exceptions to this generalisation are afforded by two exotic genera 
of kingfishers, Ceyx and AJcyoU(\ in which 2/5 is defective ; and by 
the anomalous passerine i^holorms of China, in which 4^ is in like 
case. The rule is ])roved by the 

Number of Phalanges, or joints, of the digits. The constancy 
of tlie joints in birds’ toes is remarkable, — it is one of the strongest 
ex[)ressions of the highly monomorphic character of Ares. In <dl 
birds, excepting VrorvUurikhe^ it Avhen present has two joints (not 
counting, of course, the accessory metatarsal). In (dl birds, '2t 
when piv'sent has three, joints. In urmiy all birds, 3^ has four 
joints. In uearly all birds, 4^ has /nv* joints. Thus, any digit has 
one more joint than the number of itself. (Sec Fig. 34, where the 
digits and the phalanges are numbered.) The exceptions to this 
regularity consist in the lessening of the number of joints of 1/ or 
3/ by on(\ and of 4^ by one or two. So Avhen the joints do not 
run 2, 3, 4, 5, for toes 1 to 4, they run cither 1, 3, 4, 5, or 
2, 3, 4, 4, or 2, 3, 3, 3. (These statements do not regard the 
anomalous cases of CeyXy Alcyone, and Cholornis — see above.) This 
variability is nearly confined to certain Piearian birds : examples 
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of it are in certain genera of CypsclitKe^ Fig. 40, where the ratio is 
2, 3, 3, 3, of Caprimuh/incc, Fig. 41, where it is 2, 3, 4, 4 ; and the 
petrel family, with 1, 3, 4, 5. Such admirable conservatism enables 
us to tell what toes are missing in any case, or what ones are out of 
the regular position. Thus, in ricoide.'^, the hind toe, 
apparently 1/, is knoAvn to be 4^, because it is five- 
jointed 1 in a trogon, the inner hind toe is 2^, being 
three-jointed; in the ostrich, witli only two toes, ijUin 
3/ and 4/ are seen to be ])rescrved, because tliey 
are respectively four- and fi\ e-jointed. Besides this J) 

interesting numerical ratio, the phalanges have other ^ \\ 
inter-relations of some cons(‘(pience in clas.silication, 
resulting from their comparative lengths. In some 
farnilics of birds, one or more of the ha^al or proximal -N 3 . 

/I 1 <• 1 ?• 7 Aitfi- Sclatrr. 

phalanges (those next to the foot — ojiposcd to ((is/td, 
or those at the ends of the digits) of the front toes are extremely 
short, being mere nodules of bone (Fig. 40) ; in other and more 
frequent cases, they are the longest of all, as in Figs. 34, 41. 
On the whol(‘, they generally decn'ase in length fi*om jiroximal to 
distal extremity, and tln^ last one of any toe is (piite small, serving 
merely as a core to the claw. The di(lerenc(‘ in the lengths of the 
several phalanges, like that of the digits tlunnsc.'lves, makes the 
toes more ellicient in grasj)ing, since they thereby 
clasp more perfectly upon an irregular obj(?ct. The 
design and the ])rinciple are the same as seen in 
the human hand, in which model instrument the 
digits and their resp(‘ctive joints are all of dillerent 
lengths. 

The Position of the Digits, other than in re- 
spect to their il'tirAum, is important. In all the birds 
front toes are in.serted on the metatarsus on the same 
^9 level, or so m^arly in one hori/ontal })lan(^ tliat the 

Vs, ditlereiice is not notable. The same maybe said of 

Fig. 41 . — riia- the liiiid toes when they are a pair, as in zygodactyle 
birds. But tlie hind too, or linHux^ as it is called, Avlien 
present and single, varies remarkably in ])Osition 
with reference to tlie front toes ; and this matter requires special 
notice, as it is important in classification. Tlie insertion of tliis 
digit varies from the very bottom of tlie tarsus Avliere it 

is on a level with the front toes, to some distance uj) that bone. 
When the hallux is Hush Avith the bases of the other toi?s, so that its 
Avhole length is on the ground, it is said to lie iiummhcnt. Wlicn 
just so much raised that its ti]) only touches the ground, it is called 
insistent. AVhen inserted so high up that it does not reach the 
ground, it is termed remote {tnnuivb) or elevated. But as the precise 



lanj'cs of ('ajiiiuiiil 
^inc fo(»t, ‘2, 4, 1. 
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position varies insensibly, so that the foregoing distinctions are not 
readily perceived, it is practically best to recognise only two of these 
three conditions, saying simply “hind toe elevated,” when it is 
inserted fairly above the rest, and “hind toe not elevated,” when 
its ins(*rtion is flush with that of the other toes. In round terms : 
it is characteristic of all insr^ssorlftl (Lat. iusf'do, I sit upon) or perch- 
ing birds to have the hind toe DOWN ; of all other birds to have it 
ui* (when present). Tlie exceptions to the first of these statements 
are (extremely rare. 

The Hallux has other Notable Characters. — It is free and 
si//r/Jr\ in the \’ast majority of l)irds : in all iffsessorial birds, 
neai'ly all cumjriftl (Lat. cursor, a courser), and most natatorial 
(fjat. nafator, a swimmer) forms. Its length, claw included, may 
ecjual or sur]);iss that of the longest anterior toe ; and generally 
exceeds tliat of one or two of these. It is always longest when 
incumhcnt : when thus down on a level with the rest it also 
acquires its greatest molulity and functional efliciency. In most 
Passrres it has *11 spiicial muscle for independent movement, so that 
it may ho peilc'ctly apjmsabhi to the other toes collectively, just as 
our thumb may ])e ])rought against the tip of any linger. In 
g(!ncral, it short(‘ns as it rises oti the metatarsus ; and probably in 
no bir<l in Avhich it is truly elevated is it as long as the shortest 
anterior toe. It is short, barely touching the ground, in most 
wading lards ; shorter still in some swimmers, as the gulls, where it 
is ]»robably functionless ; it is incomj»lete in one genus of gulls 
(Rissa), wIku’o it bears no p(U’fect (;la.w; it has oidy one phalanx and 
is rei)resentcd only 1)y a short immovable claw in the petrels (Pro- 
ccllariiihr)] it disap])ears in the birds named in the last paragraph 
but two above, and in some others. It is never actually soldered 
with any other toe for any noticeable distance ; but it is webbed to 
the base of the inner toe in the loons {CoJipuhus), and to the whole 
length of that toe in all the Rfcfia nopodcs (Fig. h2). It may also be 
independently wcl>l>ed; that is, be provided with a separate flap or 
lobe of free membrane. This lobation of the hallux is seen in all 
our sea-duclvs and mergansers {FiiUffulitKr and Merffinev), and in all 
the truly lobe-footed birds, as coots (Ftdira), grebes (Podicipedida'), 
and pha.larop(‘s {P/ialaro/fodida). The modes of union of the 
anterioi’ to(‘s with one another may be finally considered under the 
head of the 

Three leading Modifications of the Avian Foot. — Birds’ feet 
are modelled, on the whole, upon one or another of three plans, 
furnishing as many ff/j)cs of structure ; which types, though they run 
into one another, and each is variously modified, may readily be 
ap])rcciated. These plans are the perching or insessorial ; the 
walking or wading, cursorial or graltatorial ; and the swimming or 
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natatorial — in fact, so well distinguished are they, that carinate birds 
have even been primarily divided into groups corresponding to these 
three evidences of physiological adajitation of the structure of the 
Avian pes. Independently of the number and position of the digits, 
the plans are pretty well indicated by the method of union of the 
toes, or their entire lack of union. 1. The insessorial type, (a) In 
order to make a foot the most of a hand, that is, to fit it best for 
that grasping function wliich the perching of birds upon trees and 
bushes requires, it is requisite that tlie digits should be as free and 
movable as 230ssible, and that tlie hind one should be 2>eilcctly 
apposable to the others. Conqiare the human hand, for exam 2 )le, 
with the foot, and observe the ]>erfcction secured by the entire 
freedom of the fingers, and esj)ecially the ajipositeness of the thumb. 
In the most accomplished insessorial foot, the front toes arc deft to 
the base, or only coherent to a very slight extent; the hind toe is 
coinjiletely incumbent, and as 


long and flexible as the rest. 


The 



Fios. 42, 43. — Tyi)ic,;jl jiassoriiK' fi'.el.. (Tlu* 
rij'lit.-liaiul lif;. is rircti-ophuncfi litppuiiicas, luil. 
si/c.) 


thrushes ( Turd Ida’) jirobably show 
as complete cleavage as is ever 
seen, practically jis much as tliat 
of the human fingers ; the cleft 
between the inner and middle toe. 
being to the very base, while the 
outer is only joined to the 
middle for about the length of 
its own basal joint. Tiiis is 
the tyjiical passerine foot (Figs. 

3G, 37, 42, 43). There may 
be somewhat more cohesion 
of the toes at base, as ip the 
wrens, titmice, creepers, etc., without, however, obscuring the true 
passerine character. Besides the tyi)ical i)asserinc, there are several 
other modifications of the insessorial foot, {b) Thus a kingfisher 
shows what is called a .^yndadyl or syngnesious {(Ii‘. o-vv, nun, together ; 
yvIjo-Los, (jnesios, relating to way of birth ; Fig. 44) foot where the outer 
and middle toes cohere for most of their extent and have a l)road sole 
in common. It is a degradation of the insessorial foot, and not a 
common one either ; seen in those {lerching birds which scarcely use 
their feet for 2 >rogression, but simply for sitting motionless, (c) The 
"j/godactyl or yoke -toed modification has been sufficiently rioted 
(Fig. 4.5). It was formerly made much of, as a scansorud or cliinhmfj 
type of foot, and an absurd “ order ” of birds has been called ScAin- 
sores. But many of the zygodactyl birds do not climb, as the 
cuckoos ; while the most nimble and adroit of climbers, such as 
nuthatches and creepers, retain a tyirically passerine foot. The 
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“ scansorial ” is simply one modification of the insessorial plan, and 
has little classificatory significance — no more than that attaching to 
the particular condition of the insessorial foot (d) which results from 
elevation or versatility of the hind toe, as in some Cj/pselidce and 
Ca'prmul>jid(c. This is an abnormality which has received no 



Kkj. 1 }. Syn^ 
<I.'lctyIc f()( >1 nf Kiii}^- 
li.slicr, si/e. 



Ki<;. Zy<;<)»laotylo, foi)L of a woodpcckor, flijlotouni-i 
nat. sizo. iiatun; by Cones. 


speciid name ; it is generally associated with some little webbing 
of the anterior toes at basi^, which is a departure from the true 
insessorial ])lan, or Avith abnormal reduction of the phalanges of 
the third and fourth toes, as explained above (Figs. 40, 41). (e) 

The midortid is another modification of the insessorial foot. It is 



Flu. lii.-Uaptorial foot of a hawk, Airijiitfr citnperi, nat. size. From nature by Cones. 

advantageous to a ])ird of prey to be able to spread the toes a.s 
widely as possible, that the talons may seize the i)rey like a set ot 
grai)pling irons ; and accordingly the toes are Avidely divergent from 
each other, the outer one in the oavIs and a feAV haAA'ks being quite 
versatile. In a foot of raptorial character, the toes are cleft pro- 
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fouridly, or, if united at base, it is by movable webbing ; the claws 
are immensely developed, and the under surfaces of the toes are 
scabrous or bulbous for greater security of the object grasped. Aii) 
liawk or owl or old-world vulture cxliiluts the raptorial or inses- 
sorial foot (Figs. 4(3, 47). 2. The. ntrsorial or (jraUatonal Itjpr. The 

gist of this plan lies in the decrease or entire loss of the grasping 
function, and in the elevation, reduction in length, or loss of the 
hind toe ; the foot is a good foot, but nothing of a hand. The 
columbine birds, wliich are partly terrestrial, partly arboreal, ex- 
hibit the transition from the perching to the gradient foot, in some 
reduction of the hind toe, which is neviu’theless in most cases still 
on the same level as the rest (Fig. :3S, h). In the gallinaceous or 
ra-sorial (Lai. rasor, a scraper) birds, which arc essentially terrestrial, 
and noted for their habit of scratching the ground for food, the 



hind toe is decidedly elevated and shortened in almost all of the 
families (Fig. .^o). Such reduction and uplifting of the hallux is 
carried to an extreme in most of the Avaders, or (n'dlbitorrs, in many 
of which this toe disappears (Figs. 38 39). It is scarcely practic- 

able to recognise special modifications of such gradient or gralla- 
torial feet, since they merg(*. insensibly into one another. The herons, 
Avhich are the most arboricolc of the waders, cxhi])it a leversion to 
the insessorial type, in the length and incund)ency of the hallux. 
The mode of union of the front toes of the Avalkers and waders is 
somoAvliat characteristic. The toes are either cleft (piitc to the 
base, or there joined by small Avebs ; ])robably never actually 
coherent. Such basal Avcbbiiig of the toes is calhal smiij mb nation 
(“ half-Aveb1)ing '’). It is actually the same thing that occurs in 
many birds of prey, in most gallinaceous birds, etc. ; the term is 
mostly restricted, in descripthm ornithology, to those leading birds, 
or GrallaforeSj in Avhich it occurs. Such basal webs generally run out 

0 
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to the end of the first, or along part of the second, phalanx of the 
toes ; usually farther between the outer and middle than between 
the middle iind inner toes. Such a foot is well illustrated by the 
semipalmiited plover .<einii)idmn.im\ semipalmated sand- 

]>iper (Erninrlrs Fig. 48), and willet (Sf/mpkemvi scniipahnaUi^ 

Fig. 4 0). fn a few wading birds, as the avocet and flamingo, the 
W(ibs extend to the ends of the toes. This introduces us at once to 
the dru'd main modiiication of tlu* foot. 3. The mdMtorml Ofpe. Here 
the foot is transformed into a swimming implement, usually with 
much if not entire abrogation of its function as a hand. Swimmirn*- 
birds, with few exceidions, are bad walkers, and few of them are 
peuchers. 'I1i(i swimming type is ])rescnted umhu* two prineijial 
modifications In the indniide or ordinaiy webbed foot, all 

the front lo(*s are united hy ample webs (Fig. 50). The palmation 



iS/( /■(!,« /•/■ ; nat.. si/i'. 


IS usually coiiiploto, e.\tou(liu<r to the cuds of the toes ; but one or 
iHhh webs uiaj- he so deeply iiicunJ, that is, cut away, that the, pal- 
ma loll IS piaetually reduced to .seiiiipalination, .%s in terns of the 
Keiiiis ////,/, r.l). 'I'he Mijmhiwfe is a special case of 
p.i ma 1011 , in vhich ail four toes are weblied ; this characterises the 
who 0 , orilcr ^ 

usii oS not lom connecting webs, but from a series of lobes or flaps 
a ong le sides of the individual toes ; as in the coots, grebes, 
piaaiopcb, and sun -birds (I[ehoridfhid((\) Lobation is usually 
assoua 0 ( dh scmipalmation, as is well seen in the grebes 
(/ oduycdidiv). In the phalavopes {Phalaropodkhy Fig. 53 his) lo])a- 
lon IS picsent as a modification of a foot otherwise (|uito cursorial. 

1 he most emphatic cases of lobation arc those in which each joint of 
H ocs lias its own dap, with a free convex border; the mem- 
minesas a whole therefore jircscnt a scolloped outline (Figs. 53, 53 
'?>). ^ uc i lobes are merely a develojiment of certain marginal 
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frinrjes or processes exliil)ited by many non-lobate or non-palniato 
birds. Thus, if the foot of some of the gallinules ])e examined in a 
fresh state, the toes will be seen to have a narrow membianous 
margin running the whole length. The same thing is evident in 




a great many waders, and on the free Ixwdia's of tli(‘ inner and 
outer toes of web-footed birds. In tlie grouse', family 
marginal fringes are vary conspicuous; there being a great d(;vclop- 
ment of hard hoi’iiy substance, fringed into a s(;ries of sharp teeth 
ov pedi IK diouH (Fig. Jlo). These formations •ap[)ear to he deciduous, 



that is, to fall off periodically, like parts of the claws of some 
<iuadrupeds (lemmings). 

Claws and Spurs. — With rare anomalous exceptions, as in the 
case of an imperfect hind toe, every digit terminates in a complete 
daw. The general shape is remarkably constant in the class; 
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varialioiiH being rather in fb^gree than in kind. A cat’s claw is about 
tb(i usual shape : it is cojnprrssrdj mrh&l, oente. The great talons of 
a bird of pr(^y are only an enlargement of the typical shape ; and, 
in fact, tliey arc scarcely longer, more curved, or more acute, than 
those of a delicate csniary l)ird ; tliey are simply stouter. The 
claws ol* scjinsorial birds are very acute and much curved, as woM 
ns rpiite hirge. 1’h(i under surface of tlie claw is generally exca- 
viitiid, so that the transverse section, as well as the lengthwise out- 
lino billow, is concave, and the under surface is bounded on eitbei’ 
side by a sliai’j) edge. One of these edges, particularly the inner 
edge of the middle (daw, is (‘xpanded or dilated in a great many 
liirds ; in some it becomes a perfect having ;i regular series of 

teedi. ddiis prrfiiKffMHi (Lat. y/cr/c//, a comb), as it is called, only 
oc(Ui‘s on the inner edge of the middle claw. It is beautifully 
shown b}^ all the true hci’ons {^Irdcldo) ; by the goatsuckcu’S 



Cid. t< I’Mi.t of .si/c, sliowiii.o llic IrjJit:, sf claws. (FioJn 

'I'lic ■'/"'/■//t/ wm.i; of tin* same l>ir<l IS also shown. Set; p. lilS.) 

(i^ifjiriiiiidiiidii\ iMg. 4 1); by the frigalc jielicau {TacJif/ixdes) ; and 
imptM-fcctly by llh‘ lia.rn-owl (Ahint fi(ninnnid). It is supjiosed to be 
used for fn'cing parts of the plumage that cannot be rea-ched by 
the bill fiom parasites ; Imt this is v(‘jy (luestionable, seeing that some 
of the short(‘st h'gged birds, which cannot possibly reach much of 
th(‘ [dumage with the comb, possess that instrument. Claws arc 
more (ihhisc among the lowiu* birds than in the insessorial and scan- 
sorial groups, as the columbine and gallinaceous {nmrial) orders, 
and most natatorial families. Obtuseness is generally associated 
with llatness or dt'iwession ; for in proportion as a claAV becomes 
less acute, so does it lose its arcuation, as a rule. This is well 
illustrated by AVilson’s ])etrel {Oemndea oceaiiuits), as compared with 
others of the same iamily. Such condition is carried to an extreme 
in the grebes {PodiclpnJida')^ the claws of which birds resemble 
human tiuger-nails. Otlu'rw’ist', deAuations from cuiwature, without 
loss of acuteness, are chietl}" exhibited by the hind claw of many 
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terrestrial Passe rcs^ as in the wliole family AlauduUe (larks), and 
some of the finches {Frmgiiruhv), as the sjiecics of “ long-spur 
(Centrophanes). But all the claws are straight, sharp, and pro- 
digiously long, in birds of the genus Farm (Fig. ter) ; these 
jacjands being enabled to run lightly over the floating leaves of 
aquatic idants by such increase in the spread of their toes. Claws 
are also variously carinate or ridged, sulcate or grooved. In a few 
cases they are rounded underneath, so as to be nearly circular in 
cross-section, as is the case Avith those of the osjirey (J^andion). 
They are always horny (corneoas). They take name from, and are 
reckoned by, their respective digits: thus, 1 rl - claw of It ; 2 cl. 
= claw of 2t, etc. 

Spurs (Lat. calcar, a spin-) arc develojied on tlie metatarsal 
bones of a few birds. They are of the nature of claws, biu'ng hard, 
horny modifications of the epiderm : but they have nothing to do 
with the digits. They possess a ))ony core ii])Oii wliich they arc 
supported, like the horns of cattle. Such growths chiefly occur in 
gallinaceous birds : tlie spurs of the domestic fowl ire a familiar 
case. Sometimes there are a pair of such wcajions on each foot, as 
in the Para hkalcaratas, and there may be several more, as in the 
genus Ith<((jenis. Another instance of their occurrence is offered 
by the wild turkey {Mclctairis (jaUiparo). Metatarsal s])urs are 
characteristic of the male sex ; tliey are offensive weapons, and 
belong to the class of “ secondary sexual cliai-acters ” (p. 1 )13). (For 
wing-s])urs, as slioAvn in Fig. '>3 far, see p. 1 (iS.) 


S 1.— AN INTKODUCTION TO THE ANATOMY OF BIItDS 

Anatomical Structure now alfords ornithologists many and the 
most important of the characters used in classification. In fact, few 
if any of the groups above genera can be securely (*stal>lished Avithout 
consideration of internal jiarts and organs, as ^vxdl as of exterior modi- 
fications of structure. Therefore, the student who really “means 
business ” must be on speaking terms at least Avith avian anatomy. 
For examj)l(‘, none could in the least inti'lligently understand a 
wing or a leg Avithout knowing the bony frameAvork of those 
members. Yt^t to adequately set this matter foi th Avould ])0 to 
occupy a very much larger volume Avith anatomy ; Avliereas, I can 
only devote a feAv pages to the entire subject. In such embarrass- 
ment, which attends any attempt to treat a great tlumie in a short 
^vay that shall not also be a small AA^ay, attention must be mainly 
confined to those points Avhich bear most directly upon systematic 
ornithology as distinguished from pure anatomy, in order to bring 
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forward the structiirr*s which are more particularly concerned in the 
classification of birds. 1 wish to give a fair account of the skeleton, 
as ost(iological cliaracters ai'c of the utmost importance for the deter- 
mination of natui id aliinities ; and to continue with some notice of 
promimmt featur(‘S of tlic muscular, vascular, respiratory, digestive, 
uiogenital, and nervous systems, and organs of the special senses, 
as the eye Jind ear. The tegumentary system has already been 
tn?a,t(Ml at sonui length ; so has the osscious system, so far as the 
hoiU'S of the limbs are concerned. What further T shall have to 
say is designed merely as an intiodiiction to avian anatomy, and 
is supposed to hci addressed to l)eginnei‘s. 


u. OsTi:()i.n(;v : Tiik Osskous System, oil Skeleton 

Osteology ((Ir. oAnm, a. bone; Aoyos', a word) is a 

scientilic. description of bone in general and of bones in particulai-. 
none consist* of an animal basis or matrix (Lat. VHffnx, a mould) 
hardened by doi)osit of earthy salts, chietly phosphate of lime. 
1)0110 is eith(n* jireformed in the gristly substance called caiiildijc 
(Ijat. nirtihijo, gristle), and results from the substitution of the 
pe,culiar osseous tissue for the cartilaginous tissue, or it is formed 
din'.ctly in ordinary conmudive tissue, such as that of most mem- 
branes or any ligainents of the body. Bone-tissue presents a peculiar 
microscopic structure, in Avhich it ditfers from teeth, as it docs also 
in not b(‘ing develo]>o(l from mucous membrane ; the substance is 
calliMl as distinguished from (Icntiuc. Idiough very dense 

and hard, bone has a. co])ious blood-su])])ly, and is therefore very 
nisndiir ; tlu^ nutrient tluid penetrates every part in a system of 
vessels called Ihtirrsitut cu/e^/.s*. In the natural state bone is covered 
with a tough imnuhranc called /ifrioAnim (Clr. 7 r€/)t, peri, around, and 
(Mrrtoi'), which is to bone what bark is to a tree. The bones col- 
h'ctively constitute the (ts.<c<fus otherMUse known as the 

skrh'toii ((.Ir. iTKtXcTui', dried, as bones usually ai’e when studied). 
The skeleton is divided into the cntJodrlrfon (Or. erSoi', eiHlod, within), 
consisting of th(‘, bones inside the body ; and the r.ivskelefoti (Or. 

(\ro, out of), or those u[)()n the surface of the body, of Mdiicli birds 
have none. (V'rtain bones developed apart from the systematic 
endoskeleton, in librous tissue, are called srlcrodrlM (Gr. aKXijfxU, 
.d-J( r(i% hard), as the ossitied tendons or leaders of a turkey’s leg, th(‘ 
ring of ossicles in a bird’s eye (an ossich is any small bone). 
Srstfuioid ((h*. aijirafuj, a kind of pea) bones, so often found 

in the ligaments aiul tendons about joints, are also scleroskeletal. 
The endoskeleton is divided into bones of the a.>’i(il skeleton, so called 
because they lie in the axis of the body, as those of the skull, back- 
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bone, and chest ; and of the appendknhir skeleton, including bones of 
the limbs, considered as diverging appendages of the trunk. The 
skeleton is jointed ; bones join either by immovable suture, or by 
movable articuhtion (Lat. articulus, a joint, dimin. of urtus^ a liml)). 
In free articulations, the opposing surfaces are generally smooth, 
and lubricated with a fluid called sf/noria. Progressive ossification 
often causes bones originally distinct to eoossifip that is, to fuse to- 
gether ; this is termed ((nki/losis ; bones so melted together arc said 
to be ani f/hfsed (Or. dyKvXuMTi^ or <4y)^rA(.xrts', the stillening of joints 
in a bent position). Thus all the bones of a bird’s brain -box are 
ankylosed together, though this box at first consists of man}' 
distinct ones ; and the determination of such osseous elements or 
integers in compounded bones is a very important matter, as a clue 
to their morphological conniosition. The names of most individual 
bones, chiefly derived from the old anatomists, are arbitrary and 
have little scientific signification ; many are fanciful and misleading ; 
l)ones named since anatomy passed from the em])iric stage, when it 
was little more than the art of dissecting and descri|)ing, howewer, 
have as a rule better naming. Tlie shaft of a long bone is its con- 
finniifj : the enlargements usually found at its extremities an; called 
nnuhjles (Or. KnvSi'Xos, hmdulos, a lump, knot, as of the knuckles), 
Points where ossification commences in cartilage or membi'ano are 
ossijlc centres, or osteoses ; valuable clues, usually, to tin; elements of 
compound bones. Put ossification of individual simple l)oncs may 
begin in more than oiu; s{)ot, and tin; s(;veral osteoses afterward grow 
together, lliis is especially the case with tin; ends of ])onevS, which 
often mak(; much progress in ossification before they unite with the 
shaft or main part ; such caps of bone, as long as they arc disunited, 
are called ejnphfises ((fr. eVf, e]n, upon ; p/rusis, growth). Pro- 

trusive parts of bon(;s have the g(;neral name of jnvresses, or apophyses 
(Gr. (XTTo, apo, away from, and </ifVts') ; such have generally no ossific 
centres, being mere; outgrowths. Jkit many parts of a vertebra, 
which are called “ a[)opliyses,” have independent ossific centres. 
The progress of ossification is usually rapid and elTcctuak 

The skeleton of Inrds is noted for the number and extent of its 
ankyloses, a great tendency to co(')S.sificatioii aaid condensation of 
bone-tissue I’csulting from the energy of the vital activities in this 
hot-blooded, quick-breathing class of creatures. Birds’ bones arc 
remarkably h.ard and compact. AVhen growing, th(;y are solid and 
marrowy, but in after life more or fewer of them become hollow and 
are filled with air. This jnieumatkify (fir. TrvtvpariKd^, pneuniatikos, 
windy) is highly characteristic of the avian skeleton. Air peneti’ates 
the skull-bones from the nose and ear-passages, and may permeate 
all of them. It gains access to the bones of the trunk and limbs by 
means of air-tubes and air-sacs, which connect with the air-passages 
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in the lungs ; such sacs, sometimes of great extent, are also found 
in many places in the interior of the body, beneath the skin, etc.; 
sometimes the whole subcutaneous tissue is pneumatic. The extent 
to which the skeleton is aerated is very variable. In many birds 
oidy the skull, in a few the entire skeleton, is in such condition ; 
ordinarily th(i greater part of the skull, and the lesser part of the 
trunk and limits, is jineurnatiscd. The passage of air in some cases 
is so free, as into the arm-bone, for example, that a bird with the 


windpipe stopjanl can breathe 


/tyS 



I’u}. ra. Idnil plan ut'lln* tltmUlt'-t 
Itnily (if.'i \ fi Iclir.ilc. y, luMiiMl ("iii.'il ; II, 
liniinil f.Mijal ; llic Iwnly st‘))ai;ilin}; lln'in i'i 
till* ('(‘iilnim of any vi'itol»i;i, bcnniii' », an 
op:H*o]tlvyM<, ainl )/, a liYpai>o)>li\ 
nonrapoi*li>*^i s ; <1, <!,' (liai)o|>h\M-s ; //s-, 

Itilnl iiciiral spine; fil, />!, pleIlr.•^|>opll^ x,s ; 
h h, li:e!n.ipojili\.ses ; li-, Inlid Ita inal spine’ 
Drawn hy Dr. 11. \V. Nmfeldt, U.S.A., after 
Owen. 


for an indefinite period through a 



Kn;. Aetnal seel ion of tlu* body in Ibo 
tlioraeie region of a bir<l. X, iienj'al eanal ; Jl, 
llama) eaj.al ; e. centrum of a dorsal vertebra; 
/i(/, liy]iapopliysis ; d, iliapojdiysis ; /yt'apo- 
]>liy.si.s ; ii.s, neural spine ; r, ])leurapopbysis, or 
\eitebr.il ]*ai t. <d‘a free rib, bearing a, iineinate 
jiioee.ss or ejiipleiira ; i r, Ineniapopliysis or 
sternal part of tin* .same ; .section of sternum 
or breast.-boue (luemal .s]»ine). De-signed liy Dv. 
H. W. Shiifeldl, U.S.A. 


hole in the hiimenis. Pneiimaticity is not directly nor necessarily 
n‘lated to power of flight : some hii'ds which do not fly at all are 
more pnenindtic tlian some of the most hiioyant. (On the general 
pneumaticity of the body see beyond, under liead of the Kespiratory 
System.) 

The Axial Skeleton (Figs. 54, 55, 5G) of a bird or any vcrtclrated 
animal, that is, one having a hack-hone, exhiliits in cross-section two 
rings or hoops, one above and the other below a central point, like 
the upper and lower loops of a figure 8 . The upper ring is the 
neural arch ((ir. vcepoi', neuron, a nerve), so called because such a 
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cylinder encloses a section of the cerebro spinal axis, or principal 
nervous system of a vertebrate (brain and spinal cord, whence arise 





all the nerves of the body, excepting those of the sympathetic 
nervous system). The lower ring is the hctmal arch (Gr. aTim, liainia, 
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])Ioo(]), which similarly contains a section of the principal blood- 
vessels and viscera. shows such a section, made across the 

Ihoranc or ch(!st rc'j'ion of the trunk. Here the upi)er ring (neural) 
is contract(Ml, (jiily surrounding the slender spinal cord, while the 
lower ling is (jxpaiKhnl to enclose the heart and lungs. Such a 
section, made in regif)n of the skull, would show the reverse ; 
the U|)})er ring gr<‘atly inflated to contain the brain, the lower con- 
tracted and otliei’wise greatly modified into bones of the jaws. Thus 
the trunk of a vertebrate is a double-barrelled tube ; one tube 
above for the axial nervous system, the other below for the viscera 
at large ; the [)artition between the hvo being a jointed chain of 
solid bones from one end of tlui body to the other. These solid 
bones are tin) cnifnnns or hodir^ of rerlrhro^ in the trunk ; and in the 
hea,d certain bones which in some respects correspond with the 
centrums of v(‘i tebr:e. The entire chain or series of vertebne com- 
poses the back-bone or spitofl rohnon ; with its connections (thorax) 
and anterior confbiuation (skull) it is the nxhd skdefon. The skull 
is considere(U))y some com[)etent anatomists to consist of modified 
vertebra*. 'I'he skull-bom^s hav<i certainly the position and relations 
of parts of v(;rt(d)r;v ; to a certain extent they resemble vertebra*, 
as in b(;ing divisiljh* into sev(U*al segments, like as many vertebral 
segments ; they nvo, also directly in the axis of the body, enclosing 
a part of the cerebro spinal nervous system above, and })ortions of 
the visceral systinns below. Hut suj)poscd strict morphological 
correspomhme-e of cranial bones with vcrte])ra*. is not su})portcd by 
tlunr mod(‘ of dev(d<»])ment, and is now generally denied, the relation 
lieing considei*(‘(l rather analogical and physiological than homolo- 
gical aiul morphological. 

1. Till*: SIMNAL (JQ LUMN 

A Vertebra (so called from the flexibility of the chain of 
vertebne; hat. rrrfo^ [ turn) consists of a solid ])ody or aidnun, 
and more or fewer j)rocess(‘s or KiHtph/fsoSj some of which have 
se])arate ossitic ci'iitres. Plate-like processes which arch upward 
from eitlu’i’ side of a centrum to enclose the neural canal arc the 
nrftnd (nrJi('s or iin/rajtojfhuscs (Fig. 54, n, ii) ; at tlnnr union in the 
middle lino above they commonly send up a process called tin* 
iuiinil spnir (fis). Transverse pi'ooesses from the sides of the neural 
arch are diapophpcs ((Jr. (Sat, din, across ; Figs. 54, 55, d, d). Obli(iue 
processes from the sides of the same arches, serving to lock them 
together, are :f/!/np()pJiifs,>'i ((b\ (vyov, zvrfon, a yoke ; Fig. 55, :) ; 
there are two on each side ; one anterior, on the front border of an 
arch, a pi'C-ipjnjwphi/sis ; one posterior, on the hind border, a ])o4- 
From the under side of a centrum, in the middle 



SEC. IV 


ANATOMY OF BIRDS 


20 


line, there is often a hjfjxxpojihjsis (Gr. iVo, hupo, under ; Fig. 55, ////). 
These several processes, with some others not necessaiy to mention 
here, make with the centrum a rerfehra in strictness ; that is, when 
existing at all, they arc completely consolidated with one another 
and with the centrum into one hone. But certain im])ortant ele- 
ments of a vertehra, developed from inde})endent ossific centres, 
may or may not ankylose therewith, in dirterent regions of the 
same spinal column. These are the 'pleura pophfDos (CJr. TrXeviHH', 
]>kurou, a rib; Fig. 5 1, pi; Fig. 55, r). Any rih is in fact the pleura- 
pophysial element of a vertehra j it may he, and in most regions of 
the vspinal column it is, <putc small when (‘xisting at all, and 
ankylosed with the vertehi*a to which it belongs, as an integral 
portion thereof. But in the lower region of the neck, and thi’ough- 
out the thoracic region, such pleurapo[)hyses elongate, and are 
movahly articulated with their respective vtutehra^ ; they then 
become the “ ribs ” of ordinary language. J\loreov(‘.r, the true 
thoracic ri1)s of birds are jointed near the middle, each thus con- 
sisting of two pieces ; the u[)[)(t ])iece is pleurapoyhysis ])i‘oper : 
the lower is called a henaipophjish (1'5’g. 5 1, h. ; hig. 55, c/); it corre- 
sponds to a “ costal cartilage ” of human anatomy. Once again : 
since the sferninu (breast-bone) is tlK'ondically, and doubtless 
archetypically, a solidilied set of those parts of the vertebral 
segments which complete the hannal arches below, each segment of 
a sternum to which a haunapophysis is articulated is cjvlled a hasnaJ 
spine, being compared to a neural spine above. Aside from any 
consideration of the ribs pro]H*r and stcu-niini, or free pleurapo[)hyscs, 
heumapophyses, and haanal spines, any “ vcrtclira ” of ordinary 
language is the coin[)Ound ])onc which consists of centrum and 
neur-, di-, pro-, and post-zyg-, pleiir-, hyp-, and other -apo[)hyses, 
if any, and neural spine; the latter often called “spinous 
process.” 

The Vertebree join one another, forming a continuous chain. 
Their centia are placed end to end, one after another; their mairal 
arches arc also locked together by the z 3 \ga[)o[)hyses, when these 
articular processes are developed. Z}^ga]>o]>h)^ses bear upon theii* 
free ends smooth articular facets, the faces of which are mostl}^ 
horizontal ; those of the prezygapophyses looking downward, and 
overriding the reversed faces of the 2 »ostzygapophyses. The mode of 
jointing of the centra of such vertebiw as are freely movable u[>on 
each other is highly characteristic of birds, in so far as the shapes of 
the articular ends of the vertebral centra are concerned. In anatomy 
at large, a vertebral centrjum which is cu[)[)ed or hollowed at both 
ends is of course biconcave. Such a vertebra is called amjjhiaelovs 
(Gr. dpfjiL, amplii, on both sides ; kolXo^, koilos, hollowed) ; this is 
the rule in fishes, and obtained in some extinct Cretaceous birds, as 
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Iddhjonu^ ; it is iiriknowii in recent birds.* A centrum cupped in 
iront only is one cupped only behind is opisthoccelaf(s 

(Cr. oTTorOc, ojnslIiG behind). Such structure results in a ball-and- 
sot;k<‘.t jointiiiLi: of vertebni*. In those vertebrae of birds in which 
tliis arran.iienient obtains, it is always the podfrior face of a centrum 
which is cuj)|)(Ml, th() anterior one beini^ balled ] such vertebrae an^ 
tlHavfon^ (ipistho( («*h)Us. But in the freest vertebral articulation of 
birds, that existing; in tln‘ iTi^ion of the neck, another modification 
occurs. Both ends of (*ach vertebra are sddille-shaprJ, i.c. concave 
in one direction, convex in the other' a condition which is called 
Ihfrniro/oifs ((Jr. tre/ios, contrary). The coiicavo-convexity of 

.my oik; ver((;bra tits the reciprocal concavo-convexity of the next. 
Anfnioj' facijs of lH‘teroco‘lous vertebra; are concave crosswise, up- 
and-down convex; pns/nEn- fairs are the reverse; consequently, 
.sncli v(‘rtebiii‘ ari; procielons in horizontal section, but in vertical 
section opistJioco'lons. The various jihysical characters of vertebra.; 
in dillerent n\eions of the body, and their connections with and 
ivlations to otier parts of the body, have caused their division into 
.sev(‘ral s('ts, as cervical, ilor.sal, etc., which are best considered 
scparatidy. 

Cervical Vertebrm (Fi;;'. oG, rr) are tbosc of the y/cr/j.* all those 
in front of the thorax or chest, which do not boar free pleura- 
jiophyses in adults life, or the fret; phairapoiihyses of which, if any, 
ar<‘ not in two jointed jdcces and do not reach the breast-bone; i.c. 
ha\i' no Ineniapophvses. It is ad\ isable, in birds, to draw this line 
het weim c(M vical and succ(‘ediii<^ vertebra', no other being eipially 
practicable ; for, on tin; one hand, one, two, or more of the cervicals 
(rt'cogni.sabli* as such by tludr geiK'ral conformation and free articu- 
lation) may ha\ e long tVee ribs, moA'ably ai ticulatial ; and all the 
cei'vicals, e\c(‘pting nsiially the tir.st, or first and second, have short 
plenrapoply\ ses, ankylo.sed in adult life, but free in the emliryo ; 
A\hil(*, on the other liand, a. vertebra, apparently dorsal by its con- 
lignration and (‘ven its aidgylosis Avith the dorsal series, may be 
mitirely ct'i vic'al in its plenrajiophysial character.- Thus, in Fig. bO, 
of an owl s trnidq the bone Avhich is apparently first dorsal, and is 
so marked (^//’), bears a free styliform “riblct” an inch long {c \ only 

^ I'.M’i'pt to (In': liowi-vor, tin* oiUlly-nia.s.sed jiygostyle, wliicli, in birds 

Mlk-iy a t.'viiiiiial di>k dt'volops iiilVriorlv, may be <li.stinctly cupped at botli ends, as 
it is in a ravi-ii, for example. 

I he case is vrry ; tlu* more .so because, viewing the Avhole .series ot 

t’irds, llie ambiguous “ eervieo-doisal,” or two .sueli eipiivocal vertebrte, may lean in 
ditlcunt ciLscs in oppo>;i(e directions wlicn the wliole sum of cliaracters is taken into 
account, llierclore it may lu* liest, as already .said, to make the possession ot a 
.’.muted stoimim-reacldug rib the criterion of Ww firM dors.al vertebra, even thougli an 
autcciMb ut one may have the physical characters of a dorsal, and be aiikyloscd with 
the dor>al scries, Tliis is tlie view taken by Huxley, who says: “The hrst dorsal 
Acitcbia is dctiucd as such by the union of its ribs with the stornnm by means of a 



SEC. IV 


A A' A TOM V OF BIROS 


205 


it is not jointed, and does not reach the sternum ; while the next 
to the last cervical has a minute but still free rib {r). lii a raven’s 
nock before me, the last cervical rib is about two inches long, 
articulating by well-defined head and shoulder to body and lateral 
process of the vertebra ; the penultimate rib is about half an inch 
long, Avitli one articulation to the lateral iirocess ; while the next 
anterior vertebra (third from the last) has a minute ossicle, as a free 
“riblet.” The rule is iiro such fi*ee pltauapophyses or cervical ril)s 
of any considerable length: sonu'times one; rarely, three; in the 
cassowary four. Ihidimentary pleurapo[)liyscs may usually be 
traced up to the second cervical vertebra, as slender stylets or 
riblets, completely aidcylosed with the neural arches in adult life, 
and lying parallel with the long axes of tlie bones. ’Fhe ankylosis 
of plcuropophyses distinguishes most c(;rvical vertcbi'a^ in aiiotlier 
way: for from it results, on each side of the luaiial arch, xx for anhin 
(Lat. foramen^ a hole, pi. fonn/nmf), through which blood-vessels 
(vertebral artery and vein) pass to and from the skull. The series 
of thes(‘. foramina is called the rrrfrJo'nrin'hil onnif : noiu* such exist 
in those posterior cervicid vertebrae which bear free ribs; thus, in 
the raven the canal begins abripitly at the /b^o7// from tlie last 
cervical. But, as in AV/e^/, for insta,nc<5 (and doubtless in many 
other cases), tlu^ vertebrarlerial canal sluuh's visibly into the scu'ies 
of foramina formed by the spaces between the* h(‘ad and shoulder 
of any rib and the side of th(5 vert(ib]*a to which it is attached ; 
such being the ti‘U(‘. mor])hoh)gy of the canal, d’he cervical is the 
most fle./ thlr I’egion of a lard’s s])ine ; the articular ends of the 
vertebral bodies are the most com])letely saddle-shaped (hetero- 
codons); the yyga}) 0 [)hyses ar(‘. large and Haring, overriding each 
other extensively ; tlie largest processes are at the fore ends of the 
bones; the appositions of the central and zygapo])hysial aiticular 
surfaces are collectively such, that the. column tends to bend in an 
S-shape or sigmoid cni ve. Tlni vertebral bodi(;s aie more or less 
contracted in the middle, or somewhat hourglass-shaped ; on several 
low^cr cervicals hypa[)ophyscs arii likely to be well developed ; as 
are neural spines toward both the beginniiig and end of the sei ies. 
The vertebrm on the whole ai e large ; their neural canal is also of 
ample calibre. The first two cervicals are so pijculiaiiy modified 
for the articulation of the skull as to havii received special names. 

sternal rib.” (>!/?<//. Ve/i. Avhn., yt. 237.) Oweii ;ii)]>ears to regard as Uoivil 
any of the vertebra; in question wliieli bear free ribs. 'Plie actual iincio tainty in the 
case, and the discre])ant reckoning by flillereiit authors, inevents ns I'roiu making 
a satisfactory count of the nundjcrs of the two series of vin te.bifi*, in any given case. 
Thus, Fig. hb, as marked by Dr. Shnfeldt, sliows sU dorsals {t/r), to which is to be 
added the one under yv, bearing the rib fir j and from which is to he subtracted the 
anterior one, bearing the rib c', wdiich is to be regarded as cervical, tlioiigli its 
I'hysical characters are evidently those of the dorsal series. 
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Thiijirst fjiK*, Fi_^^ TiO, f//, tluj ntlfoi (so called because it bears up the 
head, iis the. .^iaiit Atlas was fabled to support the firmament), is a 
simple rin;::, apparently witiiout a centrum. The lower part of the 
riii<i; is deej)Iy cupp(Ml to receive the condyle of the occiput into a 
l);dl -and socket joint. Tin; srroitd cervical is the axis, a,r, which 
subserves rotary movements of the skull. It lias a peculiar tooth- 
like ni/niihiiil ((Jr. 4>(ioi/Tos', ifdniis, ()don{o.<, tooth j eidos 

toirn) process, l)(niie up«)n the. anterior (;nd id its ))ody, fitting into 
tin; lower pait of the atlantal ring; about which jiivot the atlas, 
hearing tin; h(;ad, revolves like a wheel upon an eccentric axis! 
'the cervicals of hiids vaiy greatly in number; according to TTuxley 
tlno'e, ar(‘ nevm’ (ewer than eight, and there may be as many as 
twenty three, ; Ste.jneger gives twenty-four for some of the swans. 

I w<‘lve to {ourti;(;n may be about an average number. 

Thoracic or Dorsal Vertebrm (Fig. . 0 (), dr) extend from the 
cmvical to or into tin; jtelvic region of the spine. In most animals, 
:ind in ordinay^ anatomieal language, a “dorsal ” is one which bears 
a distinct (ree'rih, and is tluTefore truly thoracic, since “ribs’’ arc 
tin; side-walls ot the chest. Hut in birds, as we liave seen, certain 
(Trvicals ha ve distinct (dongate ribs ; and, as will be seen soon, long 
jonitid jdianapophyses ariMisually fouiid in that irgion commonly 

called ‘sacral. I In; first doi'sal, in birds, is mbitrarily considered 
to Ik; that om; which la'ars the lirst rib which is jointed, and which 
leaches tin; sternum by its lower (luemapojdiysial) half. Five or 
M.v vertebra; of birds commonly answer this description: though 
Ihe last one. whi(«h bears a long free jointed rib (which may or may 
n«»t reach the. st(‘riium) is commonly ankylosed with the sacrum, as 
So tew as only finr, luema])ophysis-bearing ribs may reach the 
s ernum. I here may also be a. long free-jointed rib which “ floats ” 
at An///.eiids; ,.c. IS articulated neither ^rith the sternum nor with 
he vertebra to which it Indongs, as in the loon, for example. As 
HMlor.sal scne.s thus shades insensibly behind into another scries, 
h<‘' hnnbai (whieh has no free, nor any distinct ribs,— ribs that one 

iV*”.. .• !*!Vi •'^ucli), it is best to consider as dorsal or 

loiai K a t i(»e ^elte^)ra^ suecceding the last cervical (which is to 

/; 7 ’^ V’* paragrajih), which have 

]\ connection or disconnection of such 
I uiapoj) lysc.s .it (uther end. On this understanding, one, some- 
mes two or m en three “dorsid ” vertebrm ankylose wkh the pelvic 
f Pixity of the dorsal region being of advantage 

II 1 gbt, those vertebne are very tightly locked togetdier; not only 
or even ankylosis of their bodies and pro- 
V f ”1 Ilian V eases, by ossifications of the tendons of 
111^ ! V!f c Jiiiil codssifications of these with the vertebra*, 
o .‘^p lilts, till the consolidation of the thoracic is only 
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surpassexl by that of the pelvic region of tlie spine. Dorsal 
vertebra? also usually dilfer a good deal from most cervicals in 
liaving shorter bodies, laterally compressed, producing a ridge 
which runs along their middle line below ; in lacking a vertebrar- 
terial canal ; in having on each side two articidar facets, — one on 
the body and the other on the transverse process, for the head and 
shoulder of a rib. They are further distinguished, usually, by 
having largo spinous processes, in tlu^ form of liigh, long, thin, 
s(piarish jdates, often or usually ankylosed together. Their trans- 
verse processes are also very prominent laterally, thin and 
horizontal, and often ankylosecl. JMore or fewer (hn’sals may bear 
large hypapophyses ; which, as in the loon, may bifurcate at theii- 
ends into two Haring plates. Such processes continue a similar 
series from the neck, and are in relation to the advantageous action 
of the muscles (/vv7/^s adVt (inliein^ and /onffus adli) by which the neck 
is made to straighten out from the lower curve of its sigmoid 
Hex lire. 

The “ Saerum ” of a Bird (Figs. 57 and GO) is commonly con- 
sidered to be that larger solid mass of numerous jinkylosed vertebra? 
in the region of the pelvis, covered in by, and fused more or less 
comidetely with, the principal bones of the ])elvis, or liaunch-lumcs 
{Uia). But in this consolidation of an extrtuiK'.ly variable num])er 
(averaging perha})s twelve, but running up to at least twenty, eleven 
to thirteen being usual) of bones are included vcrle])ra‘. which in 
other animals belong to sevei-al diHerent sets — dorsal, liimbaT, 
sacral jiroper, and coccygeal or caudal. W'c hav('- just seen that one 
or two, even three, veit(‘bra‘, which are dorsal according to the 
definition agreed ujion, may enter into the composition of the 
“.sacrum,” being fiiinly ankylosed therewith, and their long ribs 
issuing out from underneatk the ilia, as shown in Fig. 5G, sr. Next 
comes one bone, or a series of several (two to five or more) hones, 
ardvylosed together by their bodies and spinous [U’ocesse.s, and also 
ankylosed with the ilia by means of stout lateral bars of bone sent 
transversely outward on either side from their respective centj-a to 
abut against the ilia. These cross-bars corresj)ond in gema’al form 
and position with the tran.svcrse process of the last true rib-bearing 
dorsal, — that process against which the shoulder of any developeil 
ril) abuts ; they arc A'^arioirsly considered to lie, to re])rescnt, or to 
include, rudimentary ribs ; and such difference of view may Ije war- 
ranted by the state of the parts in diHerent birds. However this 
maybe, the bones just described are lutnhar vortebrie (Lat. lnttihu.% 
the loin ; where such vertebne are situated in man and other 
mammals) ; which certainly possess abortive T’il)s in some cases. 
On successive lumbars the cross-bars, whatever their nature, com- 
monly slip loAver and lower downward (belly-ward) on the vertebral 
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h()(li(;H, till the last ones are ([uite down to the level of the ventral 
as|)(?ct of the eentruin ; these are also commonly the stoutest, most 
directly transverse, and most nearly horizontal of the series of pro- 
ahuttiiM' a;^ainst tin* ilia a little in advance of the socket of 
nds a series of consolidated “sacral” verte- 
hne which are termed collectively “dorso- 
Inmhar,” — all of them anterior to the 
truii xid-rHiii, of a bird. The sttninn proper 
57, s) consists of those few vertebra* 
-three, four, or five — from foramina be- 
tweim Avliich issue the spinal nerves that 
foi rii tln5 inTwork called the r(tcral plr.rni^. 
These*, true sacral vert(?brai are ribless, and 
may be recoi^nised, in a general way, by 
the absimee of anything like the cross-bars 
above described, issuing from the verte- 
bral centra, ; though their neural arches 
send otV some small bars or plates to fuse 
with the ilia. These sacrals proiier an; at 
oi* nnir tin; middle of the whole sacral 
mass. After th(;sc come a large number 
--from live; to ten or moi’C — of vort(‘bra‘ 
whic.h, from their following the true 
sacrals, though consolidated therewitli 
and with one another, are considered to 
ludong to what would be the caudal 
region of other animals, and are hence 
called “ tail-sac rals,” 7/ /WfOTo/.s* (Or. oc/)»/, 
tail, Fig. 57, r). The.se continue to send 
off a scries of little plate-like ])roccsses 
from their neural arches, just as the true 
saci als (h) ; but, in addition to these, pro- 
c(*sses are given off from the bodies ol 
the urosacrals, corresponding in position 
xllVli relation to those which proceed from 
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the bodies of the lumbars, and being ap- 
])arent1y of the same morphological char- 
acter (pleura[)ophysial). These “ ri])l(‘ts 
are, however, (piite slender, and also 
oblitpie in two directions ; for instead of being transverse and 
nearly horizontal, they trend very oblirpiely backward and 
upward ; they also shorten consecutively from before back 
ward. d he cioss-bars of the lattt*r urosacrals, how'ever, arc 
stouter and altogether more like those of a lumbar vertebra. 
1 he ap[)earaiices described are those seen from below, or on 
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the ventral aspect. Above, on the back of the pelvis, the line of 
confluent spinous processes of the dorsoliimbars is commonl}' dis- 
tinct, separated a little from the flaring lips of the ilia. Such dis- 
tinct formation may continue throughout the sacral and urosacral 
regions ; oftener, however, the line of spinous process sinks, flattens, 
and widens into a horizontal plate which becomes perfectly con- 
fluent with the ilia along the posterior })ortion of their extent ; such 
smooth, somewliat lozenge-sliapcd surface being quite continuous 
with the superficies of the pelvis, but perforated with more or fewer 
pairs of intervertebral foramina. — Such is the general character of a 
bird’s complex sacnirinin, as I name the whohi mass of bones that arc 
ank3dosed together, including dor.solum))ars and urosacrals, as well 
as sacrum i^roj^er. The description is taken chiefly from a raven 
(Corvus cora^') ; the figure from the common fowl, after Parker. 
The kidneys arc moulded into the recesses between the sacral and 
urosacral vertebrie and in the concavity of the ilia. The general 
shape of a sacrarium, viewed from below, is fusiform, broadest 
across the sacral bodies proper or just in front of thenf, tapering to- 
ward cither end ; the face of tin*, sacrarium is also flattest about the 
middle, more or less ridged before and behind from compression of 
the vertebral bodies. It has little if any hmgthwise curvature, and 
that chiefly in the urosacral region, where the concavity is down- 
ward. The total number of bones may be less than twelve, or more 
than twenty. The extensive ankyloses in this region of the spine 
are in evident adai)tatiou to bipedal locomotion, whicli reciuircs 
fixity hereabouts, that the trunk may not bend uj)on the fulcrum 
represented ])y a line draAvn through the hip- joints, which are 
situated about opposite the middle of the sacral mass, as shown by 
the arrow, nr, in Pig. (iO. 

The Coccygeal, or Caudal Vertebrae (Pig. 50 , dr) proper, ter- 
minate the spinal column. They are called “coccygeal,” from the 
fancied resemblance of the human tail-bones collectively to the beak 
of a cuckoo (Gr. kokkv^, kol’kux). Th(i caudals are all the frae bones 
situated behind the ankylosed urosacrals. The series commonly 
begins opposite the point where the pelvic bones end ; it consists of 
a variable number of bones, from the twenty long slemhu* ones 
which the Archceojjterijx possessed, down to seven or fewer separate 
ones. The usual number is eight without the i)ygostyle. They are 
stunted, degraded vertebra?, whose chief office is to support the tail- 
feathers : for the leash of nerves which emerge fron'i the spinal 
canal to form the sacral plexus by so much diminishes the spinal 
cord that a mere thread is left to penetrate the tail, tliough the 
neural arches of all the coccygeals be still pervious. All may be 
freely movable, as in the American Ostrich {IlJim) ; but in almost 
all birds only the anterior ones are distinct and vertebra-like, the 
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rest, to a variable number, being abortive, and melted into that 
extraordinary affair called the rump-post or 

'puije, tin; rump ; (rr^Aos', a post), which may consist of no fewer than 
ten such inctainorphosed tail-bones. It has usually a shape sug- 
gesting the. shan; of a plough (see Fig. 56, i>y\ but is too variable 
to be concisely <lescri)j(.‘d. The pygostyle sup])orts the tail-feathers ; 
and as these are nior[)]iologically one ])air to each rectrix-bearing 
vei'tebra, the number of tail-feathers may be primarily equal to the 
number of vertebm* whicli fuse, in the pygostyle. Thus the swan 
is said to have ten verte])ra‘ in this mass ; a wild swan {(Jijgnvs 
roltii/thifUiffs) has twenty tail-featliers. In this view, six should be 
the usual com])f>sit ion of the share-bone. A bird’s tail is really 
moni extensive! and li/ard-like than commonly supposed; thus the 
swan, besides its t(!n in tin; pygostyle, lias seven free caudals, and 
ten urosaeaals --twenty-seven post-sacral vertebrne in all (Huxley). 
In the 1 ‘aven, tin; free eamlals are six, exclusive of the pygostyle. 
These all have large Haring transverse processes and moderate 
s[)inous proei^ses, and the latter ones are also provided with hypa- 
pophys(‘s, some, of which ai’(5 bifurcaU*. The pygostyle in many 
birds ex[)ands below into a large circular or polygonal disk. 

2. 'I'liK TirouAX: urns and stf.unum 

The Thorax ((Jr. a coat of mail ; in anatomy, the chest ; 

adj. fhfirarir ; s('e Fig. 56) is the bony box formed by the ribs on each 
side, th(! breast-])one lielow, and the back-bone above. In birds it 
is very (‘xtensive, including most or all of the abdominal as well as 
th(‘ thoracic viscera, and its cavity is not partitioned off from that 
of the belly by a c()mplete<l iTiajihratjin, though a rudimentary struc- 
ture of that kind is found in the Jjitc.ryx. The thoi’ax is usually 
soldered behind to the pelvis by union of one or more pairs of ribs 
with the ilia ; in front it always and entirely bears \\\q ])e.dvml <(i'ch 
(see ]). 2 I a). 'I’he thorax is very movable in birds, by reason of 
the great length and jointedness of the ribs. 

The Ribs (liat. coA<f, a rib ; pi. rndiv; adj. costal; see Fig. 56, 
r, c\ lt\ (■/’, .sv, //), as .said above, are the pleurapophysial elements of 
vertebra', Avhieh remain small and ankylo.scd, or become long and 
free. In the latter state only arc they “ ribs ” in ordinary language. 
I ht' one or more cervical ri]).s, however elongated, and the abortive 
lumbar ami urosacral ribs, are to be excluded from the present 
de.seription, and have been already considered. True ribs are those 
^^hich belong to the dorsal vertebras proper, and are jointed in 
themselves ; that is, have articulated hainapopliyses (see p. 203), by 
Inch they may or do articulate with the sternum. Such true ribs 
are when they reach from back-bone to breast-bone; Jloating^ 
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when either or neither of these connections is made. Usually the 
last rib, though bearing a perfect htemapophysis, docs not rcacli the 
sternum ; in the loon, for example, the last rib floats at hath ends, 
having connection neither with vertebra nor sternum ; and the two 
next ribs float at their sternal ends. The perfected ribs are few, — 
five or six is a usual number, though nine are Ineniapophysis-bearing 
in the loon. The last rib at least is usually inurarial, as it belongs 
to a dorsal vertelwa which is ankylosed with tlic sacrarial mass ; 
and two, or even, as in the loon, three ribs may likewise issue out 
from under cover of the ilia. These “ sacral ribs ” or mrrocostals are 
furthermore distinguished by being devoid of thi^ epipletmd or un~ 
dilate (Lat. nneus^ a hook; Fig. oO, v) with which other true 

ribs are furnished, forming a series of splint -l)ones proceeding 
obliquely from one rib to shingle over the next succeeding one, 
and thus increase tlie stability of the thoracic side-walls. Such 
splints may 1)0 cither articulated or ankylosed with their respective 
ribs ; they have independent ossific centres. The u})})er (pleura- 
pophysial) [)art of a ril), or “ vertebral rib,” when ])ei*Sected, articu- 
lates with the side of the body of a vertebra by its head or i'cipit- 
tflnm (Lat, dimin. of caputy head), and also with the lat(‘ral process 
of the same vertebra by its shoulder or tuhcrniliuii (Lat. dimin. of 
tiihery a swelling). In well-marked eases the head and shoulder are 
quite far apart, the rib seeming prolonged a})ove ; either of these 
vertebral connections may be disestablished, the other remaining, or 
both may be lost. The knver (hamiapophysial) ])art of a rib, or 
“sternal rib,” articulates with the side of the sternum by a simple 
enlargement ; the ends of those sternal ribs which thus join the 
sternum tend to cluster closely together at a j)art of the breast-bone 
called its costal (Fig. 5*^) ; those which do not make tho 

sternal connection are sinqdy Inindlcd together. Commonly five or 
six, sometimes four, rarely only threii ribs reach the sternum. Tho 
ribs are ordinarily as slender and strict as those shown in Fig. 56 ; 
but in AptcnjXy for example, their pleiirapot)Jiysial parts are expan- 
sive and plate-like. They lengthen rapidly from before backward, 
both in their vertebral and their sternal moieties ; these parts meet 
at angles of decreasing acuteness from before backward ; but these 
angles, as those of the ribs botli with vertebne and sternum, inces- 
santly increase and diminish in the respiratory movements of the 
chest ; all being in expiration more acute, and more obtuse in 
inspiration. 

The Avian Sternum (Gr. o-Apvov, sternotiy tha, breast; Fig. o6,*S') 
is highly specialised ; its extensive development is peculiar to the 
class of birds, and its modifications are of more im})ortance in 
classification than those of any other single bone. Thereupon it 
becomes an interesting object. Theoretically it is a collection of 



GENERAL ORNITHOLOGY tart ir 


lijiimal spines of vcitcbr*. Though such morphological character 
is api)rccijjhhi in those animals which have a long jointed sternum, 
the segments of wliich, answering to pairs of ribs, develop from 
sei)aratc ccaitres, there is little or nothing in the development or 
physical chaincters of tlu^ avian sternum to favour this view. The 
great ])one floors thii chest and more or less of the belly, and fur- 
nislies the main ]mi\i thtpimi of both the bony and muscular 
a[)paratiis of flight, njcciving important bones of the scapular arch 
and giving origin to the immense pectoral muscles. (See also Fig. 
o.S.)' 

Ilii-ds offer ftra leading ty[)cs of sternal structure, the rntite and 
fhe or flio “raft-like” and the “boat-like,” according as 

the boiK^ is flat or keeled (Lat. rath^ a raft; adj. ratite ; in an arbi- 
trary nom. pi., Itnfiitrj a name of one of the leading divisions of 
birds: l^at. ntnua^ a ke.el ; adj. rartiiafe : nom. pi. Cannata\ name 
of another such division). 1. in all struthioiis birds, comprehend- 
ing the ostrich and its allies (and also in the Cretaceous llesperonns)^ 
tli(5 sternum i^ a flattish, or rather concavo-convex, buckler-like bone, 
of somewhat S(|uarish or ihonilmidal shape, developed from a single 
pair of lat(‘ral centr(!s of ossification — a “tiat-boat,” without any 
kec^l, built with reference to an important modification of the 
should(‘r-girdle, and a I’educed or rudimentary condition of the 
wings, which are unfit for fiiglit. 2. In all flying birds, and some 
which from other than any fault of tlic sternum do not fly — com- 
pri.-^iiig all remaiidng recent Inrds, or Carinata\ and also the Creta- 
ceous IcJilJi/fo/'/iis — the sternum is keeled and dov^clo 2 )S from a 
median centi'c of ossification as well as from lateral paired centres; 
usually two of llicsc, making live in all. In a few Carinatai the 
ke(‘l is rudinu'ntai y, as tlic flightless ground parrot of New Zealand, 
ImlirnpUlu^i ; or otherwise anomalous, as in the extra- 
ordinary ()pisfh<)ri}mus i‘i’ist<fti(.% where it is cut away in front, and 
in the rail-likt*. Noiornis^ where the sternum is extremely like a 
lizard s. In gtuK'ral, tlui development of the h’d is an index of 
wing-powei’, whether for Hying or swimming, or both; the eflectivc- 
ness of the ])ectoi’al muscles being rather in proportion to depth 
of keel than to extiuit of the sides of tlio “boat-bone”; thus, 
the keel is enormous in sAvifts (Cupi>cUdcv) and humming-birds 
{TrorhiliM. V / 

I he carinate stormim normally develops from five centres, 
having coiise(|ue]itl 3 ^ a.s manj" separate pieces in early life. Tavo of 
these are lateral and in pairs ; the third is median and single. The 
median ossification, Avliich includes the keel, is the Joplwsteoii (Or. 
A.«)</k)s', lophos^ a crest ; ucrreoi', osteon, a bone). The anterior lateral 
piece, that Avitli Avhich the ribs, or some of them, articulate, is the 
peluwshvn. (Gr. TrXevpiv, plairon, a rib) ; in adult life this becomes 
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the costal process, so prominent in Fasseres (Fig. 58). The posterior 
lateral piece is the wetostcon (Gr. /xerd, mda, after). From the 
latter are derived the pair, or two pairs, of lateral processes which 
the posterior border of the sternum has in many birds. In fine, the 
extent of ossification of the lo})hosteon and metostea, and the mode 
of thcii’ coossification, determines all those various shapes of the 
posterior border of the sternum which, being commonly character- 
istic of genera and higlier groups, arc descrilied for purposes of 
classification. Thus, if the lophosteon and the metostea are com- 
pletely ossified and to the same extent behind, the posterior border 
of the sternum will bo transverse, and ])erfectly bony. Such a 
sternum is said to be cutire. If the lophosteon is longer than 
the lateral pieces, the sternum Avill have a median [)ointed or 
rounded projection ; such a formation is called the middle xiplmid 
])rocess (Gr. xiphos, a SAvord : cocos', ndo^, form). The pro- 

jection of the metostea, not infreipient, siniilarlj' gives a pair of 
external lateral xiphoid processes. But such processes oftencr 
result merely from defects of coossification between tiHo elements of 
the sternum. Thus, there is often a deep notch in the posterior 
border of the sternum between the lophosteon and the rnetosteon 
of each side ; the stei'iiiirn is then said to ]>e siinjlc-nolrJird or siiKjh- 
nnarginatr (one pair of notches, one on each side; h’ig. 58). This 
conformation priivails throughout the great group 7^^/,s-sr/v'.s*, possibly 
without exception ; it is therefore highly characteristic of that 
order, though a great many other birds also have it. In tlui 
natural state, the notch is filled in with mcmbraaie. Such a notch 
may also be converted into a “fontancllc” or Jenednt (l^at. fcnedni, 
a window), which is simply a hole in the bone, the nn^tostea having 
grown to the lophosteon at their extnunitios, but left an opening 
betAveen. Such a sternuiA is called JeMistrate, more exactly mii- 
fmcstrald (Tjat. iiuas, one ; one Avindow on each side). Noav^, the 
parts remaining as before, let each half of the lophosteon, or caeh 
rnetosteon, be notched or fenestrate ; obviously, then, such a sternum 
is double-notched or hi-fenestratc, having four notclujs, or holes, two on 
each side — tAvo notches, or two holes ; or notched and fenestrate, 
having a notch and a hole on each side. The hitter is very fre- 
quent : Avhen occurring, the hole is generally ni‘;irest the middle 
line, the notch exterior. Irregularity of ossification, converting a 
hole into a notch, and conversely, may in any case result in lack of 
symmetry ; but this is a mere individual peculiarity. When there 
are tAvo notches on each side, as in Fig. 56, the sternum has evi- 
dently a median and tAVO lateral backAvard extensions, Avhich are 
then called respectively the middle, internal laieral, and cxteriud 
lateral xiphoid processes. Notching of the lophosteon in the middle 
line, at least to any extent, must be very rare, if indeed it ever 
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occurs. The oxtrcTne caso of eniargination of the sternum is afforded 
by the Gdllhur, and is highly characteristic of that group. Here 
the lophostcon is extremely narrow, and fissured deeply away from 
the ni(,*t()stea, which latter are deeply forked ; the arrangement 
rise to two very long slendei lateral piocesses on each side 
(Figs? 1 and '2, p. 7.*)). The sternum of the tinamou, a dromieo- 
‘onathoiis bird, is still more deeply emarginated, but the extremely 
long Jind shnnler lateral processes, which enclose an oval contour, 
aie sim[)l<‘, not forktal. 

In a, very few birds then; are centres of ossification additional 
to those above descrilxMl. In Tnnuj\ there are said by Parker to 
be a pail- of centres between the pleur- 
ostea., which he names coracodca, because 
related to th(i part of the sternum with 
which the coracoids (see p. 210) unite, 
'file same authority describes for IJirho- 
Idftlids a [losterior nnaliaii cartilaginous 
lla[> having a sepa-ratc centre, named 
(Hr. ocpa, o/irUy tail). In various 
birds the sternum is eked out in the 
middle line behind by cartilage which 
has no ossification. 

The sternum, es])ecially of the higher 
birds, develops in the middle line in 
front a beak -like process called the 
rodrnni or indiinhiiniii (Lat. munuhrinm^ 
a handle) ; its size and shape vary ; it is 
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Avell marked in Passerine birds (Fig. 58) ; 
and may be bifurcate at the end and run 


'lown the front of the keel some way, as 
- Mi.tciir.i, ^Mtl^ pvi.niiiKMii tlic ravcii. Tlic fore border of the 

ci.slal ].r..r. ss. iin.l I.mK.mI inanu- • ^ r 

i.niim; ii\ .• ni.s ivai-imi- stciimm, stomuin IS generally greatly convex irom 
' t .0 side, and then, in those birds which 

have ])rominont ])1eurosten, ))roduccd in angular costal processes. This 
bonh'r is also thickened, and presents on each side a well-marked, 
smooth-faced groove, in which the expanded feet of the coracoid bones 
are instepped and tirmly articulated. These deep grooves commonly 
meet in the middle ; arc occasionally continuous from one side to 
the otlier ; sometimes each cro.sses to the other side a little way. 
The costal proces.sc.s on each side also have thickened edges, with 


a .scries of articular facets for the ribs, which gives this border a 
tlut(*d or serrate ])rntile. (lenerally the fore half, or rather less, of 
the side border of the sternuni is thus articular ; and it is only such 
codift rou.'i (rib-bearing) extent of sternum which corresponds to the 
whole body of the bone in a mammal, all the rest being “xiphoid. ’ 
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The singular carinate sternum of Nofornis, and the ratite hone of 
Apfnp\ are concave crosswise along the front border, and bear the 
coracoids far apart, at the summits of antero-lateral projections. 

A sternum is generally concavo-convex in every direction, 
bellying downward ; somewhat rectangular, it may be long and 
narrow, or short, broad, and squarish. It is commonly longer than 
broad, with convex front border, a median beak, which is often 
forked, prominent antero-lateral corners, pinched-in sides (bulging 
in tinamou) and indetci’minatc hind border. Tlie keel usually 
drops down lowest in front, sloping or curving gently up to the 
general level behind, with a concave (rarely protuljcrant) vertical 
border, and ]>ronounco(l apex, to which tlie clavicles may or may 
not be ankylosed, as they are in a pelican, for instance. In Opis- 
iJiocomus the clavicles ankylose with the manubrium of the sternum. 
The external surface, both of body and keel, is ridged in places, 
indicating lines of attachment of the different pectoral muscles. 
In a few birds, notably swans and cranes, the sternal keel is ex- 
panded and hollowed out to receive folds of the vfiudpipe in its 
interior (see Figs. 99, 100). — Hut the numberless modifications of 
the sternum in details of configuration belong to systematic orni- 
thology, not to rudimentary anatomy. 

3. TJIK rKCTOllAL AllCII 

The Pectoral Arch (I^at. piritfs^ the breast; Figs. 1, 2, 50, 58, 
59) is that bony structure by which the wings are borne upon the 
axial skeleton. It is to the fore limb what the jielvic arch is to the 
hind limb ; but is disconnected from the back-bone, and united with 
the breast-bone, whereas the reverse arrangement obtains in the 
pelvic, which is fused with the sacral region of the spine. Each 
pectoral arch of birds consists (chiefly) of three bones; the srjf.pula 
and coracoid^ forming the Aunddrr-ijirdle propei’, or HCdpuhir arch ; and 
the accessory clavicles, or right and left half of the clavicular arch. 
There is also at the shoulder-joint of most birds an insignificant 
sesamoid ossicle, called acapnia acccaaoria or os huiacro-scapnlare (Fig. 
56, ohs) ; and in many a rudiment of a bone called 
which occurs in reptiles, but in birds is united with the clavicle. 
From the ribs, the sca])ula ; from the sternum, the coracoid ; from 
its fellow, the clavicle, converges to meet each of the two other 
bones at the point of the shoulder. The lengthwise scapular arches 
of opposite sides are distinct from each other ; the clavicular arch is 
crosswise, and nearly always completed on the middle line of the 
body ; by which union of the clavicles the whole pectoral arch is 
coaptated. The coracoid bears the shoulder firmly away from the 
breast; the scapula steadies the shoulder against the ribs; the 
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clavicles keep the shoulders apart from each other. Tlie scapular 
arch is always ])r(;seTit and complete j the clavicular is sometimes 
defective or wanting. There arc two leading styles of scapular 
arch, coriX‘.sponding to the ratite and carinate sternum. ^ (1) In 
llMu' tli(i axes of the coracoid and scapula are nearly coincident 
(for the most i)ai't in a continuous right line) and ankylosed to- 
gether; the clavi(des are usually wanting, or defective; and the 

coracoids are instepped on 
the sternum far apart. (2) 
Tn all Carinatiii the axes 
of the coracoid and scapula 
form an acute or scarcely 
obtuse angle (Figs. 56 and 
59, .sY//r) ; normally these 
bones are not ankylosed ; 
}>erfcet clavicles are i)rosent, 
aidvyloscd with each other, 
but free from the other 
bones ; and the coracoids 
are inste})ped close together. 
Decided exceptions to these 
conditions, as in Noforni.% 
arc anomalous; though in- 
completion of the clavicles 
r(^])(‘atedly occurs, as noted 
below. 

The Coracoid (Gr. 
kora,i\ a crow ; eoSos', eldo^, 
form : tlu^ corresponding 
J)one of the human sub- 
ject, Avhich is tlie stunted 
“ coracoid process of the 
scapula,” being likened to 
a crow’s beak ; no applica- 
bility in the present case; 
Figs. 56 r, 59 c) is a 
stout, straight, cylindric 
extending forward, outward, and 
the. sternum to the shoulder, 
to fit in the articular groove 
already described ; it often 
median line ; is narrower and 
remote from its fellow in Jidfifir. The head of the bone, irregu- 
larly expanded, articulates or ankyloses with the end of the scapula, 
and also usually with the clavicle. It bears externally a smooth 
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demi-facet, which represents the share it takes in forming' the 
glenoid (Gr. yAvJi/?;, glene^ a shallow pit ; Fig. 59, gl) cavity^ which is 
the socket of the humerus. This articular expansion is the glenoid 
process of the coracoid : the claricular process is that by wliich the 
bone unites with the clavicle. The relation between the heads of 
the three bones (each uniting with the other two) is sucli that a 
pulley-hole is formed, through which plays the tendon of the pec- 
toral muscle which elevates the wing. The coracoid is a very 
constant and cliaractcristic bone of birds. 

The Scapula (Lat. scapula, the slioulder-blade ; Figs. 56, 59, s) 
merits in birds its name of ‘‘blade-bone,” l)eing usually a long, thin, 
narrow, sabre-like bone, which rests upon the ribs — usually not far 
from parallel with the spinal column, and near it ; but in lialita^ 
otherwise. It seldom gains much width, and is quite thin and iiat 
in most of its length ; lait it has a, thickened head or handle, 
expanding outwards into a glenoid ja'oeess which unites with that of 
the coracoid to conqdete the glenoid cavity, and dilated inward to 
form an acromial (Gr. aKfHofuov, akrCanion, point of# the shouhhn*) 
process fur articulation Avith the clavicle (as it does in man), Avhen 
that bone exists. The other end is usually sharp-pointed, but may 
be olituse, or even clubbed, as in a Avoodpecker. The scapula is 
broadest and most i)latc-liko in the penguins, in Avhich birds all the 
bones of the llipper-like Aving are singularly llattencd. in ylpfer}j,n 
it reaches in length over only a couple of ri])s; in most birds, 
over most of the thorax ; and in some its point overreaches the 
pelvis. 

The Clavicles, or Furculum (Lat. clavicvhi, a little key : 
furculurn, a little fork ; Figs. 50, 59, cl), or tlui clavicular arch, are 
the pair of lames Avhich Avlicn united together form the olqect avcII 
known as the “ merry thoijght ” or “ Avish-bone,” corresponding to 
the human collar-bones. They lie in front of the l)roast, across the 
middle line of the body, like a V or U ; the iqiper ends uniting avS 
a rule both Avith scapula and coracoid. For this purpose, in most 
birds, the ends are expanded more or less ; such expjinsion is 
called the eplrlidium (Gr. eVt, epi, ii])on ; K'Acdhhc, Jdeidion, the 
collar-bone) ; in Passerine birds it is said to ossify separately, and 
is considered by Parker to represent the procoracoid of reptiles. At 
the point of union beloAV, the bones often develop a process (well 
shoAvn ill the domestic fowl) called the hypoclidiunt (Gr. vtto, hypo, 
under ; Fig. 59, he), supposed to represent the luierclavicle of 
reptiles. The clavicles are, as a rule, present, perfect, ankylosed 
together, articulated at the shoulder ; in a few birds ankylosed 
there ; in several, there and Avith the keel of the sternum ; in 
Opisthocomus there and with the manubrium of the sternum. In 
various birds, chiefly Picariaii and Psittacine, they are defective, 
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each other. They arc wanting in Struthio, Mm, 
some MifOtcphr. besides curving toward each other, 
the clavicles have usually a 
fore-and-aft curvature, con- 
vex forward. In general, 
tlie strength of the clavicles, 
the firmness of their connec- 
tions, and the openness of the 
V or U, are indications of 
the volitorial or natatorial 
j)ow(‘r of tlie wings. The 
end of the furculum is hol- 
lowed for a fold of the wind- 
pipe in the crested pintado. 

1. TllK PELVIC ARCH 


The Pelvis (Lat. pelvis, a 
hasin. Fig. GO) is that pos- 
terior ])art of the trunk 
which receives the urogeni- 
tal, and lower portion of the 
digestivi‘, viscera. It consists 
of the sacrarium on the 
middle dorsal line, flanked 
on each side by the bones of 
the (irch, which sup- 

ports the hind limb. In ver- 
tebrates generally the pelvit; 
Uisin is comideted on the 
ventral aspect by union {synt- 
j)Jif/sis : Or. (rvvjsun, tog(*ther; 
c/>r(rts', growth) of the bones 
from opposite sides. Excc})!- 
ing only Struthio, which has 
a pubic symphysis; and Meif, 
which has an ischiac sym- 
physis just below the sacral 
vertebne, the pelvis of a 
bird is entirely open below 
and behind ; each pelvic 
arch ankylosing firmly with 
the sacral vertebra? to form a roof over the viscera above 
named. This sacro- iliac ankylosis is commonly coextensive 
with the confluence of the many vertebrje which make the 



Fri;. ('0. - Pelvis of a heron (.I/v/m/ In nat. 

si/o. Mewed Innii helow ; fiom nature hy Dr. W. 
.''liiifeldt, I'.S. A. r/^ dt>r>olninhar \erti-hr:e t<i and 
inelndiii” flie last one, m’ ; helow -e, for the extent of 
the htr.j, hl.u’lv spaces (opposite the arrow) are the 
true saeral \ertetir;e; u.<, nrosaeral vertehiie (op- 
I'l'Mte tlie liM' oval Idaek spaoes; 11, ilium; /s, 
iNehiuni ; 1\ pnhis ; <>h, obturator foramen. The 
arrow llii>s into the aei-iabuluin. 
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sacrariiim, that is, from the first dorsoliimbar to the last 
urosacral. The whole roof - like affair looks something like a 
keelless sternum inverted. The pelvic arch of each side consists of 
three bones, ilhm^ ischium, and puhis, which have independent 
ossific centres, but become firmly consolidated together to form the 
haunch-bone or os innominatnm. Each of these bones unites with 
the other two, somewhere near the middle of the whole affair, at a 
ring-like structure called the acetahulum (Lat. a vinegar-cruet, Fig. 
56, a; Fig. 60, arrow ac), or coiijloul, or coxal cavity, which all 
three consequently contribute to the formation of, and which 
is the socket for the head of the thigh-bone. When free ribs 
issue from under cover of the pelvis, they are commonly ankylosed 
with the ilia ; and all the abortive pleura 2 ) 0 })hyses of the lumbar 
and urosacral vertebra) have likewise iliac ankylosis, as exqdaincd 
in treating of the sacrum. As a Avhole, the ju^lvis varies like 
the sternum in relative length, breadth, and degree of convexity ; 
and especially in the configuration of its posterior border; Imt few 
zoological characters arc de- • 


rived from this structui'c. 

Viewed from below, the 
pelvis is seen to l)e much 
hollowed or excavated for < 



the lodgment of the kidneys, 
and cross-cut into comj)art- 
ments by the sacral rafters ; 
the series of sacral l^odics 


Fi(3. (>1. — P(‘lvis of ynunrf "roust*, sljowiii" throe 
tlistiiicf, boiifs. //, /.s, }\ ilium, iscliium, j)ui>is. In 
front t)f foniK'r :i tlorsjil v<‘rti'l»r;i iii'ttli utU'.s. (Dr. U. 
W. Shufi-l.lt, U.S.A.) 


forming a ridgeqiole along the middle line. Above, the series of 
sacral spinous jirocesses rejirescnt the ridgc-iiole ; anteriorly, the 
somewhat s])oon-shaped iliac bones arc a])plied, concavity outward, 
to the dorsolurnbai’s ; posteriorly, in the middle line, is a more or 
less flattened horizontal expansion, and latcu’ally arc the more 
expanded sides of the ischiac roof, finished along tlie eaves and 
behind by the slender pubic bone, which commonly jirojccts back- 
ward, and inclines toward its fellow of the opposite side. The most 
prominent formation of the side wall of the pelvis is the thick-lipped 


smooth articular ring, the acelahalutii, converted in the natural state 
into a cup by a membrane. The postero-superior segment of tlie 
rim is prominent, to form the anti trochanter (Gr. dvri, anti, against ; 
rpoyavT/yp, trochanter of the femur) against Avhich the shoulder or 
trochanter of the femur abuts when the head is in the ring. 

It is normal to recent Carinate birds to have the ischium fused 


with the ilium, however distinct the pubis may remain ; but to 
Cretaceous birds (even Ichthyornis), and the existing llatita^ to have 
both ischium and pubis distinct in most of their extent. 

The Ilium (Lat. ilium, haunch-bone ; pi. ilia ; adj. iliac ; Figs. 
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50, /.- GO, 01, 11) is tlic median, most anterior and longest of 
the haiuich-hones, and tlie only one which extends in advance of 
the acetahiilum. Sucli anterior prolongation of this bone is the 
sf)cci;dty of tlie avian j)clvis : it commonly overlies one or more 
ribs, and is often ovcnn^ached by the end of the scapula. It is 
hmgest and n:irro\ve^t itnd Hatt(*.st in some of tlie lower swimmers; 
the reverse, among the highest binls. Its relations and connections 
havf! h(‘(in snllicjeiitly indicated. The bone is almost always 
sepaiated frmn its fellow by the sacrum, though the approxima- 
tion may he clf)S(i over tln^ hack of the pelvis, along tlie middle line. 

The Ischium (( Ir. /Vyioi', isrhion^ the haunch-bone; \A. ischia ; 
adj. lsr/uti(ii\ bettei* isrhinc ; Figs. 50, GO, 01, Is) lies 

ent iroly ]>ost a( (!tahular, or behind the socket which it contributes 
to form, and composes most of tlui side-wall of the [iclvis thence to 
fli(j mid. It is gcaierally a. thin jdatci-like hone. Among Cretaceous 
birds end (*.\isting Ju/fiftr it only unites with the ilium at and just 
heliind the acetahulum, whence a d(;e[) i/ithisrhair iissure between 
tli(! two (!xist,s,vs in the grouse. Fig. 01 ; hut in ordinary adult 
hiids this fi.ssure is convmted into a fenestra or window of large 
size, just ludiind i\ii\ acetahulum, hy union of the two hones hehiiid 
it. This vncnity, whether a. notch or a hole, corresponds to the 
“ saci'o sciatic, notch ” of human anatomy (Fig. 50, iit). The ischia of 
o[)posite sides ai-e distinct, except in Jtitcff. 

The Pubis (liat. juthis, hone, of the front of the human pelvis where 
t he hair grows at jnifn rhi ; jd. ////Acs adj. ifiihir ; Figs. 50, 00, 01, P)^ 
beginning at its share of the acudahular ring, is along slender hone 
which runs along the lower border of the ischium, sometimes for a 
shortdistaiuaumly, often forthewhololeiigthof theischium,and usually 
projecting behind ; moii^ or less ])erfectly parallel with, applied to, 
or united with, tlu' inferior ischiae hordoir. When separate, a long 
<lee]> tissiire results ; when united at the end, along narrow foramen 
is lormed ; when incompletely united in any part of its ischiac 
continuity, a li.^snii^ and a foramen, in the ostrich two foramina, 
result. .Vll these conditions occur ; in any case, such ischio-puhic 
intm'val corresponds to the ohfuninr foramen (Fig. 50, n ,• Fig. 00, oh) 
of human anatomy ; it is greatest in Cretaceous birds and existing 
liiitihr. The tr(*e ends of the pubes maybe more or less expanded. 
In the ostrich oidy there is a pubic symjdiysis of the ends of the 
hones ; in the same bird a separate o.ssicle, situated upon the lower 
border ot the pubes, and (‘ailed rpipuhiCj is considered to rejuesent 
a “marsu]>iar bone ((biiTod). In various birds, among them the 
ground cuckoo, Ocoeocri/.r adifonnanifs, the pubis projects a little 
lorward, under the acetabulum : this prominence is the jfropuhis. 
Separation ot the pubes is supposed to be for amplification of the 
l>elvic strait to facilitate the passage of the large eggs birds lay. 
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5. THE SKULL 

The Skull of a Bird is a poem in bone — its architecture is the 
frozen music ” of morjihology ; in its mutely elof|iicnt lines may 
be traced the rhythm of the myriad amcebiform animals Avhich con- 
structed the nolile edifice when they sang together^ The poesy 
(TTouyfrt?, ]iuiesi% a making) of the subject has been translated with 
conspicuous zeal and success by ]Mr. W. K. Parker; its zoological 
moral has been similarly pointed by Professor Huxley; and the 
young ornithologist who would not bo hopelessly unfashionable 
must be able to whistle some bars of the cranial song — the pterygo- 
palatine liar at least. 

The rapid progress of ossification soon obliterates most of the 
original landmarks of the skull, fusing the distinct teri'itorii's of 
bone in one great indistinguishable area. Thus the brain-box of 
almost any mature bird is ajiparently a single solid bone, and most 
parts of the jaw-scaflblding similarly run together. Aside from the 
bones of the tongue, Avhich are collectively s(‘[)ara.te from those of 
the skull t>i’opcr; and of the com[)ound lower jaw, which is freely 
articulated with the rest of the skull ; only two or three other 
bones of the skull, as a. rule, are permanently and ])(‘rfectly free at 
both ends. These are the quadrate bones — the anvil-shaped pieces 
by which the lower ja w is slung to the skull ; the jiterygoids, arti- 
culating the [)alat(i with the (juadrate ; and sometimes the vomgr. 
Traces only of distinctness among bones of the face and jaws are 
usually found ; but even such vestiges disajipear, as a. rule, from 
among the bones of the Iwain-box. It is necessaiy to any intelligent 
understanding of the construction of a bird’s skull, to learn some- 
what of its mode of development in the embryonic stage ; this being 
the only clue to the individual bones of Avhich it is composed, and 
so to any correct idea of its moriihology. One theory is, that the 
skull consists of foni- modified vertebrie ; and the iirincipal bones 
have been named and described liy some Avriters in terms indicating 
the elements of a theoretical vertcdira.. It is true that the skull is 
segnnmted, or may be scgment(‘d olf, like a chain of several vertebrae; 
that it continues the vertebral axis forward; that it has a ham 
cranii like a series of vertelwal centrums; above which rises a seg- 
mented neural arch enclosing the great nervous mass, and below 
which depends a set of bones enclosing visceral parts like a ha3mal 

^ Boiie-tissue chiefly consists of the aggregated skeletons of Oaiamahen — a kind 
of unicellular j^rotozoan animals whicli inhahit in myriads the bodies of nearly all 
the Verti'hrata, possessing the faculty of feeding upon })]iosj)]iate of lime and other 
earthy matters they find in the blood, and afterward excreting them in the form of 
miiltiradiate cxoskelctous of their own, collectively forming the whole skeleton of 
their host. 




Til' Skull t.f mull fowl. »‘iil!ir^uM| ; ft(tin iKitun* by Dr. 11. W, SlmfcMt, U.S.A. Tlir 

ii.'Uiii's <tt biiMi-s ;mmI s<iiiit' other |>:iit>. are |ll•i!lle^l, i(*(|Uii iii^ ii<» cxjilaniitioii : but observi* tin; 
loll'twiii;' points: 'I’lie •! isf met loii o| itunr of the iMdies eoniposiii}' Ihi' biaiii-ea.sc (tlie 
ba< k exp;iii.le<l p;iit) <mii be fouml m a mature skull. The brain is contained between the 
iiirijtihil, iiinsttl\, jilt I ( I tills, and part of fi'niifdl ; tin* <7// wmb/^d.s belong to the 

same puotip o| eiani il lnmes jtioper. All other bone.s, exej-jitmo t he 1 hnni ot/e (‘ar-bones, are 
bniies of I lie fiee iiml jiiws. The low ef ja w, ol li\e bones, is drawn (h*la<*hed ; it art iculates by 
the lil.iel» Mirta<'e maiked nriu utor uitli the proliiimmee Just ab(»v»‘ the f/z/ud/vde /joiie. Ob- 
st I V e t li.it li oiii this iiu.'idiati' .t sei les ot bones —iiHiiih'iito-jUijnl, Jitijiil, iiKiJ llliiry inakt's a slender 
rod ruiiiiin;^ to the i>iniiii iillnrii ; this is the ,7V;/<o/m, uv piijitJ hnr. Observe from the (|uadrate 
also iiiioiher seller, eoinposed <>( I'f' riiifmil and imhilhir bones, to th(‘ jinmiaxillary ; this is the 
jiti'rii[ii>-i>iiliifi III h'lr; it slides ahm..; a median li\ed axis (d‘ the skull, the /'< is/ /’?/?», wdiich bears 
the hmse mini r lil its end. The umler niandilde, qmulrate, ptervj'oid, and vomer are. the only 
mo\jililc Imiies of this skull. Hut when the qu.idrate n>eks back and forth, as it doi's by its 
upper Joint, its lower end pulls and juislies upon the ujiper mandible, by means of theju}^\'il 
ainl ptei _\eo-palalme ti.trs, setting tbe wlndi* sealfold inj; (d‘ the uppi'r Jaw in motion. This 
motion hiiiLjes upon the elastieity <d the bones of tin* forehead, at tin* thin jdaeejnst wliere tbe 
refeieiiee liiies troiii Hie wof'ls “laeryiiial” and “ me.sel hmoid ” cross each other. The dark 
o\ al space liehiml t he qiiadiale is the exieinal oi dice of the <(fr ; the parts in it to which tin* 
three lefereiicedmes <40 are diayiammatie, in d. actual representations; thus, the quadrate 
aitieulites with a kilLje p/o-. 7 ie as well as with the miufiinosaL T’he oreat ('\cavatiou at the 
middle of the ti;4Uie, eoid.uiiiu;4 tin* circlet of unsliad«*d bones, is the left m bifid cnriti/, orbit, or 
socket of the e\e. 'fhe nii srtlniuinl iiielutli*s ]>art of tin* baek^^rouiid of this cavity, shaded dia- 
}4om\lly. I’lif iq-per one of the t wo pn.(*fs.ses of bone extendin^j; into it from behind is the pesb 
fruiitiil or .-.jilii im! ir jtt i,ri : tin* under one (jimt over the ipiadiate) is the .siiinnnosaJ jirm'i Si^. A 
bone not shown, tin* jn > '•iih> ii‘<id, lies Just ill front of tin* oval black space ovei the end of 
biislsphi'iiiii'l. This black o\al is tin* o/i/n* /Ii/uiiie/i, through which the iiervp of sijrht }»asses 
from the hraiii-e.'u ity to tin* i*ye. The black dot a little b(*iund the optic foramen i.s the oritice 
ol exit of a p.ut of tin* In in, •mi iicive. The black mai k under the letters “on ” of tin* word 
“ fiMiital ” IS the nljii'-tm H innmi u, where t he in*rve «»f smell emer'4»*s from the brain-box to 00 
to tin* no'll*, rin* nasal ea\ity is tin* bl.iiik sjiaee bebiiid iinnid ainl covered by that bone, and 
in the oval hlank befoi,* d, I’ln* parts of tin* beak covered by horn are only 7)rr»n7.H7/(n !/, 
iiniitf, and (/. ntni-ii. Tlie mtnhih- art u*ulat<‘s with the lirst cervical vertebra ; Just above it, not 
shown, is the torniih'ii iiinnii’ini, or ma-at hole through w'lucli the s]»inal incilulla, or main 
nervous ••ord, pisscs from the .skull into tin* spinal column. Thv bnninri'i pi tid is liiddeii, CX- 
eeptiii:.; its eoml>h*: so is mueli of the bn.-^i-.phi nnid. The ]nolon;4atiou forw’anl of the basi- 
spln'Moid marked •‘rostrum.’’ and beai md the vomer at its end, is the pnrnsphryioid, as far a.s 
its thiekeiied under border is coiieeiiied. Hetween tin* fore end of tbe jiteryf^oid and the ba.si- 
spheuoidal rostrum, is tlu* site id’ the Im-^ipt, ru'i'iid jirnnss, by whi(*h the bones eoncerncil articu- 
late by smooth f;iCv*ts ; further torward, the jxilatiues lide freely upon the parasphenoidal 
rostrum. In any I’assei'iin* bird, the couu'r woulil be thick in front, and forked behind, ridin>; 
like tin* palatine upon tin* rostrum, 'fhe ixilatiiie seems to nm into the maxillary in this 
\ n*w' ; but it eontuiiu*s .ni to premaxillary. The maxidn-pidntine is an iiiqiortaiit bone which 
cannot be seen m the li.uuire beixiuse it extends hnri,ioiitally into the paper from tlie maxillary 
about where the n*feii'nee line “maxillary” jjoes to that bone. The j;eiu*ial line freim the 
eondyle to the end of the vomer is the craniid n.us, rrunii, or base of the craniiiiu. Thi.'^ 
skull i.s w idest aeri»ss the post-frontal ; next most so acro.ss the buli^e of the jugal bar. 
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arch. The hindmost cranial segment, the occipital bone, resembles 
a vertebra in many physical characters, and even in mode of 
development. But if the serial homology of the skull with the 
back-bone be real and true, it is so obscured by the extraordinary 
modifications to which tlic vertebral elements have been subjected 
that the fact of such homology cannot be demonstrated ; and to 
interpret the skull as something superimposed upon and morpho- 
logically different from the spinal column, is perfectly warranted if 
not required l^y the known facts of its constructive development. 
This is the view taken by the rulers of to-day’s science. As already 



Fici. »»;3. — Slxull of a duck {('Imupthi l^hnnlira), iiat. .si/c ; l)i‘. J{. W. SliulVldt,, U.S.A. u, 
prcimixillary boiio ; />, )):utly ossiluMi inlcniusal scjduiu ; //, i)crviu)is of nostril ; c, (>nd of 
pivniaxillary, perforated for nmnerons lirain-liCfi of sv<‘ou<l diNi^ion of Uk; lifth « r:iiiial iicrvu ; (f, 
dentary bon«* of under juaudilik? ; t\ i.-.roov*; for nerves, efe.; /, a Aaeuity between «leutiiry aiul 
other pieces of tlie niandil/le ; arfieular sinfaee ; li, recurved “an^^le of lh(!,jaw i, oeeijn’tal 
])i<aial)eratic*e ; j, vacuity iii sui>raoeeipilal bone ; />, niUMinilar inipiession on back of hkull ; I is 
over the black ear-cavily ; in, jiostfrontal process; 11, <|uadiale bone ; u, pt(“ryj(oi(l ; p, ])al:i- 
tine ; 7, (piadratojueal ; r, ju;'al ; s, ni; xillary ; t, fronto-parietal ilonui of the brain-cavity ; ?/, 
th<‘, laeryinal bone, iuiinense, in a din-k, nearly eompletinji rim of the orbit liy approacliinj; vi\ 
r, vomer; c, supraorbital d(‘pres.^Ion lor the nasal inland (sec ]>. ‘J.'Jl) ; r, cranio-facial liint^i! ; 
y, ojitic foramen ; c, etc., iiiterurbital vamuties. 


said (p. 202), the relation between cranial and vertebral parts is 
rather the analogy of adaptive modification than a true homology 
of structure. 

Before proceeding to describe the mature skull, it will be best 
to consider its mode of development. In this I shall closely follow 
Parker, often using the words of that master, and illustrating the 
early stages of the embryo with figures l^orioAved from the same 
safe source. In the fewest words possible, I wish to convey an 
idea of the embryonic skull up to Parker’s “third stage,” at which 
it begins to ossify. Here, however, I will first insert a figure (Fig. 
62), kindly drawn for me by Dr. R. W. Shufcldt, of the U.S. Army, 
which sho^vs most of the cranial bones, and will give the student a 
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Ijrcliminary notion of tho “lay of the land.” I advise him to con- 
template this picture till he has learned the names printed on it hy 
heart, and can apply them to the identification of the parts of the 
real skull he should have in hand at the same time. He may also 
rne(litat(5 on Fi.ir. 0.‘5. 

Development of the Fowl’s Skull (Figs. G t to 69). — In the 
cliick’s head cartilage is formed along the Hoor of the skull by the 
fifth day of incubation. T\m caitilaginous basilar plate is formed 
on each side of th(i notur/iorl, Fig 64, c (Or. vo)tov^ iioton, back ; 
yo/)o/J, rhonli^ a chord), a rod like structure, the primordial axis of 
tlni ])0(]v, around which, along the spinal column, the bodies of tho 
v«‘rt(;hra! are, formed, ami which runs in the middle line of the floor 
of th(i skull as far as iW. ‘jdltdUn'jf i^pacc, jds. The basilar plate is 
the pitnichnnhil ((ir. irupd, jiara, ly the side of) cartilage. In this, 
at the earliest stage, arc already idanted certain parts of the ear, 
(he rorhlafy cl (hat. cocJtlca^ a snail-shell), and the horizontal one of 
the thriM* st'/ninrculiu' a(imL% Opposite the end of the notochord, 
the border offtho parachordal plate is notched, 5 ; this notch after- 
ward forms {\\Vj Jo nuncn ont/cy for the passage of 2)arts of the jifth or 
Infarhd mu’ve. Near tho middle line, posteriorly, tho plate is per- 
forated foi- th(^ passage; of the; twelfth or hijjxKjlvml nerve, q. At 
each lat(‘ral cormu* is the s(‘parate qwfdrate cartilage, to form the 
<juadrate horn;. Anteriorly, th(‘ j)late coiuiccts hy a straji or bridge 
of cartilage, the Ig (Lat. Jlngiddy a little tongue) with tho 

tr(dicrid(f\ fr (I At. fnihccuhty a little beam), which enclose t\\G pifuifarg 
siKfcc^ pfs (Lat, mucus : no ap[)licahility here). In front of 

this pituitary interval tho ti’al)ccuhe conic together to form an intcT' 
Hiistd /ihdcj whicli is so arched over downward as to disappear from 
this vi(;w, as seen in Fig. Go, Avhere fib is the frontonasal process, 
and n is the, future external nostril. ,A.fter uniting in the inter- 
nasal ])late, the fore ends of the trahecuhe separate and become free ; 
tluMT frei; ends are the under extremities of this first visceral arch 
(lirst iind only ])reor;d arch). 

The same chick’s head, now vicAved from below, Fig. 65, shows 
the s(|uarish a[)erture, ///, of the future mouth; the three postoral 
arches, with their respective cartilaginous bars, out of Avhich are to 
1)0 formed the hones of the jaws and tongue. 1, 2, 3 are the cor- 
responding risctral elejfsy ])ctween the arches ; the lirst of these is to 
he uuxhdled into tho ear-passages (outer and middle ear and 
Fustachian tube) ; the, others will disappear. The quadrate cartilage, 
7, is tlie same that was seen in Fig. 64 ; it is already nearly in 
position, hetwocn the hind ends of the scaffolding of the upper and 
under jaw. The curved suhocidar or maxillopalatlne bar, map, de- 
velo})ed in the first })Ostoral arch, already indicates anteriorly 
palatine, pa, and posteriorly, parts; it will form the 
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bones so named, and otlicrs of the u])pei- jaw. This suboculjir bai- 
ls an antero-sufierior part of the first post-oral arcli, of which </ and 
mk are a postero-inferior jiortion ; the cleft of the future mouth is 
to lie between them. The lower jaw-bone, or inaniUble, is entirely 
developed trom rnl\ its sevei-al boni*s developini*- around this rod of 
cartilage, which is called the Merhiiaii cartilage ; it is to become 



Kk!. *jt.- - Skull (tf cliii'k, lillli «lny of iufu I'-k;.*' >. Saiiu* i’l-c. il 1 , Inil scfii IVnui below, 
balinii, X (liauiel.'IN. Seen Imiu alinVe, <•'’!, .m(e| iu| «*eieliial Ve.siele rye ; /a, liloillli ; 
tlie lueiiiliraiiiius rour of fhe ^knll atnl (In- /'/•'• pilmfary ^paec ; lioiitonasal plati* ; li\ 
ln“iin reiiioN eil, rr \ , iiiifei ior (•(•lehral vesjelc* ; ends n| ( lie f |•alle(•^li;e, tree ayriiii all er I heir nnioii 
r, eye; c, iiofoeliord, mniiiiix' tliroiiucli llie a ii<l 1 ii-iit .st roii^l \ Itom Die oiii’iiial avi'^ of Die 
iniiliile. of the li.i^ilar ]>late or )>ai.iehorilal t laheeiilje ; a, e\tei iial iiosi ril ; dm/*. suho<Milai 
('artilat;e, in which are already \i^il>li‘ the l>ar of cartila;^e, or id<i > ;.;o|ialal iiii* i od, to Idi m 
rudiiiiiMdai-y <‘ar-iMrt-<, e/, the eoiddea, //v, 7'", |>.ilaline, and /«/, pli iyyoid hone, and oMiei 
the hon/oiital Mnniciiciilai canal; the J'.trf'. of the n|>|icr jaw, as the niaxillary, jn^al, 

pituitai-y space, iKiiuidcd liy //, the trahe- and «inadrato|nx'al ; 7, ijuadrate cart ila-.^e, same 
cuke, wiiicli collie lo;^cDii r hel'oic it to foi 111 as seen in Ki”. ill ; iii/,, Meekelian cart ila;.^e, to 
the IVoiitonasal jihile, hi in *10 ; hu- lorni lower jaw these parts aie in the lir.st 
ijnhi or liridi^c, coniicclin^ Ir.ihecnl.c with jiostoral \ isceral arcdi ; r/i, coralohjal, ami h//, 
parachordal (;aitila;;e ; a. iiotidi altcruards hasilijal, of second jiostoral arch; c/o', cerato- 
becoiniiio foraiueii ovale tor jiassa.m' of parts branchial, /hr, e|iibianchial, hhr, basibranchial, 
of the lilth (trifacial) nerve; *.>, loranmn lor «»f thinl jiostoral aieh; the jiarts of llic second 
hyjioj/lossal nerve; 7, scjiarate cai'tila^e and third andi all ;7:om;; into the h> oid hone 1, 
forinin^ Dm future <iuadiale bune. (Aller :h 1 st, ‘Jd, .''d viseeial clclts, wlmreol Die Isf is 
Parker, in Knn/. lirll.) t" hi- niodilmil into tin* car-|iassa;^^cs and Dm 

Otbci's are to be obliterated. (Aftei' I’aikcr.) 

movably iirticulatcd with tint bone, the (junArnfr^ into wbicli // will 
be transforinctl. Tims the postero-inferior ])art of the first postoral 
arch (second of the whole series of arches) begins in two pieces, one 
of which is to become thesus/imsoriuni, or suspender of the rnandiltle, 
and the other the mandible itself. The rest of the pittces bitlong to 
the sfrond and third postoral arches, and all together make up the 
very composite kf/oid bone, oi* bone of the tongue (Figs. 72, 7:5, 74). 
The pieces rh and hh are in the second arch, and form respectively 
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till; rn;ttijlu/'il and hnsilii/nl bones; the pieces chr, fhr, and bhr are in 
the lliird iucli, and form l■e.^l>et•liv•ely the a'nitnhraiichinl, qnhmnchidJ, 
and l,dsihrd,i<-lildl. bones. These pieces of the third arch liave already 
onlerovvn thoMi of the second arcli, and they will form the greatest 
jiiirl of tlifj hyoid lioiic. 

ill tli(! .<rn,nf/ Jiftrr the; lifth <hiy of inciihatioii, but })efoio 

iiiiv' ossi li(*;i t ioii hns })C‘i/un, a v’crticai s(;ctioii slio\\s the appGaicinco.s 
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im'iili.il i"ii, M'flioii 
•..•i iMi'l, Mini lliinl ( 
tile li'i.N ; b'. I 

c, •Ill'll. 1 :n|< IS. Ill 






represented in I'ig. bli. The ]iarachordal and trabecular cartilagc.s 

an 3 ii[>i)lied to ojich 

^ ^ otlici’ unconforniably, 

T'r-T^ ■' '' 1‘^ttcr rising high 

^ / /i ^ ^ b(‘t\vcen second and 

// / ^ third ccr(‘bralvcsicles 

I j u to form the })osterior 

-'-r-v i)/«2 piL"itin-y wall, yW, in 

\ " liieh the axial skele- 

ends. 

—JJ- e.vn riiere are other 
' changes in the para- 

The iiitcrna.sal jilatc, 

- formed by tlic union 

of th (5 tral)eculie in 
front of the pituitary 
siiace, iias become a 

I HI t'ili. llcM'l <>! M cliiflv, ''(•(•iiinl sl.'it'f, allt'r livi‘ iImv^ ul' ,• i i • it 

imiili.il i"ii, M’flioii 111 I'lotilr; •> <li;iiiifl<M < /'I , < i 'J. 'r:!, Iirs>t , \ 01 tlC<d llledliin A\al.l 

Mill Mini iiiii.i ci'ii'iiiMi s.-.i.'ip; I, |.im till- iirsf nnisi' i,(jt\veen tlic olfactoiT 

the nllMi Idi.N ; b'. I’lai r 111 sfcmnl iifisn, till' ; ir, iiilt'iii.Tl ^ 

cMii'Inl Milii>. iiuiinii' into >kii1l at ssliat was tinu'niMlly tlif mid 01)tic clianillCrS 
inliiilat s ''I' ll I-, ii(t\\ Mil n|M iiiii'; lMiiiinlt‘<l in Iroiil I>y tin* an- r . i ^ i i. i i fi. 

Iiimr. <n.', lii'liiiiil ]i\ 1 1n- jH)-,lii lur. /.( /. rliiinpl walls ; /n . iitilo- ot tllO I’lght aild Icit 
rln.nl ; < c, «n i ijiital i nii'ls In, (Ihiii-.- to rJ In'iim llir onj,'in;»l . /, , iJ, 

l-aiMilionl il r.iitila r, Im-m' SMII 111 piolili' ; .u.f\iuTipi|-'l ; O/t, ^^dcs (/>//. aild c///, to 
rtliiiioi.l, uiili /'^l^s jm spln'iinhl rr'gioii |iosl(M'ini ly, and /«a, Uiul (flc^ Tllis 

I'lriiM-'Ml paM ; till-' wlioli' pl.itc ;i!ti i\\aiil ili'Vflopino into jiarts * 

of till- nose .111(1 iln‘ pMitiiion l.ciwffii till- fst'-. ; /»». palalino ; partition, bcsidcS 
/)./, pli'i s .ronl ic.'ioii ; I" .iinl /-./ n IVrciicc liiifs an* in Mk' i-i .i 

t'liii k's iii.'iit li ; M( fki'liMii (Ml t ila a' (low iT jaw ) ; ( /( and /(//, tOl'millg lllially tllO 

Oit.T'rll'k.Ti '■* intn'orhUnl septum 

wliich divides the 

riglit. aiul left oibits, 'will und(‘rgo furtlKjr notalile changes 
in dirt'ctioii, and will develop lateral plates and ]nT)cessos, wdiich 
will make up tlu' nasal labyrinth and the ])artition bet\vcen the 
cavity ot the nose and that ot the eye, when any exists. Such 
lateral develo])ments of the ethmoid plate are the alu'fhinuid, alisrptal, 
and <irnii(.<(il. d his jilate extends backward in mid-line to the optic 
foramen, ending in the nulirhn' cliitnid wall, er/, separated from the 
(parachordal) [>o.<f(rhir rhifoid, ju'l, wall by the original pituitary 
s])ac»\ now the opening through Avhich the carotid arteries, ic, enter 
the brain cavity. llesides ethmoidal parts proper, the jilate 


•coinl siMt't 
• liMiiiclci 
s; I, plMcc 


, Mllt'r live (Imv^ <d 
. /'I, < ( 'J. iir^t, 
ot tlif lir.sl n(‘i\(‘. 


piliiilMi> sp.ii c, now Mil openin'; iMiiindcd in Iroiil I>y tlio an- 
il I mr. O' Ill'll I in I l'> 1 1 n- post ci lor. /'i /. cl mold w .ills ; /o . iiol o- 
i li'.nl ; I c, III cijiitMl cou.l^ Ic, IIhuc.' to jul l.ciii'.; (lie ongcinal 
p.ii .n lii'i ' 1 1 1 i-.ii I il.i c, lici c SI I'll 111 piolilc ; 1 c\(u‘cipi(‘'l ; tfli, 
ctlinioiil. wiili /'Mits jn( spliciioiil region poslnrioi ly, and /«a, 
pK'iiMsMl pMil ; Oils wlmli' plate mUi'I wall! ilcvclopitii; into jiart s 
of till- nose . 111(1 the pMitition lift Ween tin- c\t's ; /»». jialatnic ; 
/)./, pli'i>.roiil ir.'ion ; I" .iiid /-./ II rcr. iicc lines an* in lln* 


, Mick.'lian 

>ili\al p.iits 


.lit ila n' (low cl 
(■r the hvoid 


jaw ) ; ( /( ami /.//, 
.r lon';iic lioiic. 
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develops at what will l>e the oiul of the ujipcr heak a otr- 

pti, to become tlie axis of the beak. Tlic mouth is become 
already better formed, the axis of its cavity poiiitiiii^^ more forward 
than downward ; and great changes are undergoing in jiarts of the 
car at tlie back corner of the month. The (jiiadrate and ]\lecke1ian 
cartilages are assuming much of their true form. Tin', ({nadrate 
develops an orhiftd process whicli extends free into the orbit, and an 
(ifir ])rocess whicli articulates witli tlie auditory sai^ and jiarts of the 
exocci[)ital cartilage The rela- 
tions at this stage have not been . 

made out in the fowl, l>nt are \ ' 

figured and d(‘sci‘ibed from the | 

corresponding stage of the Kn- ^ C >0 

ropean house-martin {Chclhlvu y jj 

f/rhira). In Fig. (17, /;//• is the y C / 

cut stump of the aMeckelian carti ' 

lage, of which er is the articular // 

part ; 7 is the (j nadrate, of Avhich ^ 

a backward procH'ss is seim arti- ^ 

dilating Avith /ce, the tym])anic 

Aving of the (‘xocci]>ital. Just 

below and lu'Tind this otic pro 

/. .-I -1 , ,1 t‘'7. 'I’ln* pii.sldial Mli'lics of |Il(‘ liollsi* 

(JCSS 01 llie (jna(liat(*, (*.\actly in/n tin, at IIII<I<I 1 (* of iicikmI m|‘ mciilijfioii, la- 

wliCT’C in vioec eTnlu’v’os is fix* O'imI vi»‘\v, .11 iliunii’lt'i 1. ml, siiiinpot Alcc- 
AdlCIO 111 lipci (moi)os IS inC khuim.i- iiian.lil)Ml;ir n..l, ils arlinjlai- part, .X', 

fcnrdm oralh in Avhicli is fitted iiii'-fi.N .-iiap<n; 7, ‘pi.i.iiai.- i.onr. or suspcn- 

, , <• 1 i* SOI iniii ol lowiTj.iw, u It li a li (><• antoi ior 01 liilal 

tlie toot of tll(^ sftljH'S or stirrup- pim 1 ^.S aicl lontj postnior otir jiioct ss ailuMi- 

i.onc ti.c ini.Mio thuiv 

ainiears a ti‘owel-sliaj)e(l iirojec- ' ty/'- p-"fs of th.* siispon-,..iiiiiii ot iiio tinni 

.* i . l'"s(oi.il aicli, not, coiiipli ti-il to <7///; 

tion of cartilage, tlai handh? of to r'<iiiit‘ ;iu’;iy fioin (n>, 

, - , . /- -.1 .1 111.; a pioi-c w ith it, tin' t ni<' s inl ii nii lln, 

W ilicll is Contlllllons Wltll^ the ; Hh* nx.il base ol Ilic stapes littm'^ into 

suiistiiiicc of tii(i car-oii.siiio ; Uio 

sickle-shaped ])iece liehind wllich eMrastape.tial ; /M, mlrastape.li.il, \m11 

. , ^ , !• 1 unite with s/a, (lie stslolival : </(// aiel /7 m/, 

IS the tym[iaiiic wing ot tiie ex- <-. r;tinii\ai aiel ba--iliy.il, lii-.tal ]iaiL-) of the 

■ 'i.T // \ riii -I 1 i* same an'Ii ; /7/; hi I, hi ‘J liasiltiaiichial, eiii- 

OCcipitill \t( (ij. fills tlOA\el ot laanelnal, ami eej-atoliianelnal pieei-s ot the 


i-. 


I’lo. t' 7 . 'file po.-iloial aielies of the lioiisi* 
iiiartiii, at nii<l«lle of peiio<| of ineiibaf ion, la- 
teral view, . 1 1 iliaiiielei //i/., sliiliip of Alee- 
Keliaii or niamlilnilar roil, its artieiilar part, iti\ 
alieail.N .'-hapeii ; 7, ipiailrale bone, or siispen- 
soi mill III lower jaw, u it h a li ee aiitei ior 01 liilal 
plot I vs ami loie.c poslei lor olie jiioeess ailieii- 
ialin;4 with the ear-eap,->ule, of wliieh tm, lyiii- 
paiiie wiiej; ol oeeipital, is a part.; ai.s/, r /, .s.s/, 


meil|o->|,apei||.il, to (•Oliie 
lie.; a pleee w ith i 1 , ( in' 
mil \ 1 he o\al base ol 

t he lilt me /( III f)it Ill-Ill I 
1111; into (he ini!ihii ; 


iway fioii) /mi, biiim'- 
ue .slUjii or m 7 11 mi l[ii, 
lie stapes lit t iii;^ into 
or o\aI wiiiilow look, 
■siipiastapeilial ; rs/, 


is the tym[ianic wing of the ex- e.-ratolixal ami’ basihyal, .llslal i-aits of 111,’. 
OCCipital {U’o). fills trowel ot p,,„,,i,ial, ami eeratobianehial pieeos ol tin- 

cartilage is the ninieib-interior .<('g- 1*'"'^ y'’’ the rest of the iiym.i 

nientof tlieliyoideaii (second [lost- 

oral) arch, being to that arch Avhat the pterygo-palatinc bar is to the 
mandibular (first postoi’al) arch. Several parts of this sfujirdhU 
cartilage are recognised, as named in tin; fine [iriiit under tla^ figure, 
ff the connections of the second jiustoral ar(;h Avorc completed, as 
those of the first arc, the tongue lione Avonld lie slung to the skull 
as the lower jaAV is ; hut they arc not, tlie tract reprcs(‘nted hy the 
dot-line from the dijlohijal, stJtj to the n'r((fohifal, cluf, being, like id, 
above sth, only soft connective tis.sue. This defect of connection is 
made up for by the great development of the hyoid can parts of the 
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tliird po.st oral arch, hi' 1 aiwl W l>, which retain the tongue hone in 
j)osition, witlajiit houajver articulating it with the skull. Ihe hand 
of the trowrl of cartilage soon segments itself oil from the ear- 
ca|)snlc, hriii'jirig away with it a small oval piece of the periotic Avail, 
which pircc is the tine >tapes, and the oval space in which it fits is 
the, l'nu:^Un oralk leading into the, inmost ear (the eochlot). The 
hroad part ui' tlie trowel hlad(5 is the extrastapedial part, on which 
t,h(i iiif nihi'ii iHt I *ifii ftti ti I ^ or (iar-druni, Avill be stretched. The styh)- 
}i\al, s/A, will join tin* <*xt i‘astaj)e(lial pla,t(,*, and the aftci’Avaid 

cliondrificd hand of union Avill 



I''h; (.>, SLiill "I < Iiii'!., ( I kimI -- 1 .I Ill iirolili', 
III, nil ;iinl lMriiilii,i!ii -> iittiniil |i> .Imu r;i 1 1 1 l.n: 1- 
liiiil -I |ui in.i I n III 1, I ili.ilin t'-i ■<. (l/i. nl liiii<>i<l, 

liniiiiii; ni'iliiii H" .r |.;ii i ,iii<l iiiIi-hii liil.il m|.- 
I inn ; ilf \ i li 11*11 1 " l.il m ,i| p.i 1 1 .. ;i-' nh , nlii iliniuiil, 
n/ :ili I'lil mil, I'l . , .iliiia , il, i>,i. |i.ii 1 it nni Im lurni 
im ,1' Iiini r\i': i'G. |>n••ll.l^^I iMl I il.f/i* ; y.s, imc. 
i>)i|it in III 1 . 1 1 |M 1 1 I 'I II 1 1*1 I'l litimnl ; 'J. oiil in !• n .inn 11 ; 
< 1 ;lll^|llll'!llpnl, w.illiii; lii;iili Imi\ 111 liuiit; /</, 
Il||^l linlit.il liiiiilnl 111 in Ua lii'liiinl : /■"./■*/, I'liLl- 
liiic iiinl |i| I'l > ;4"lil . '/, l|l|.•llll.lt(• ; '**, sn|ii.i- 

III I'lpit il ; III, 1 \iirfi|iil.il ; IM, iM'i iint.il (ninhli', 
liiiiiir ii|iiiii lni'iiiiri'iinl.il, mill '.liiiu III", III, 1 1 'liimii'i 

III iiiiliM'In'i'l ; llii -I' i>cci|>it.il liiiiiinl III!' liii.niii'U 
m.i 'll mil, mill m i'\|i,iiiiK l.iti'i.ill\ In Im in ;i l\ ni- 


h(i the Infnistnpnlhd, Ut, (Figs. 
7 1 , s7, and (S:>.) 

lieturning now to the chick’s 
head, Avhicli we left to examine 
th<‘ intricat(‘ ear-parts at th(‘ 
proximal end of the second 
post-oral arch, we see hy Fig. 
()S how rapidly the parts arc 
shaping ihcinst'lvcs at the end 
of tin’s second stage of develop- 
mmit. This ligiin* shoAvs the 
cai’tilaginous skull, in Avhich 
no tracer of ossiticatioii has 
appeared, (‘xci'pting in the 
ninler niandihle. d’ln^ hrain 
and iiK'nihranous parts of tin* 
cranium have been I’emovc.Ml. 


!• mil' will ', cii ciiiiiM’i ilnn" llin cvti'i li;il .iiiililmy rni , c 
milici' lii'liiinl mill Ih'Ihu ; l> <, n n. Imi i/mil.il .nnl ‘ ^OOl 


tlic skull never 


iiii.ti iim \i ihi'.ii si'iiiiimi'ii!.ii' I'.innr, Ilf i.'ir : Ikhmmucs cartihiuiiious, hoiK'- 

'•t, liiii'-.lM lotmnl.i .Hill liiii-stm nx.ili-., lr;iilin;^ . ^ . 

iiitii 11111. 1 1 .11, i.iiii I i iiiM'.i ii> iiMii Ilf iiir .^t;llM'.^; tluM’(; growijig directly fi’imi 

ni'. I'l. ^-/i, ,ti ,, I. nC. 1*1 . MU . ' 111.1 Irnimm, m , 11 

n-M luiiii. .1 111 i i s. M'l. .,i„i (I,-. (All. I e.iik.'i ) the niemhraiu' ; and tlie whole 


of the ehondi’O - ci'anium, a> 
shown in the llgiirc, is one contiiuious cartilaginous sti’uctnre (like tin* 
NN hole .skull ol an adult shark or skatc\ excepting the parts of the post- 
oral arches, which are separate, 'hhe auditory ca[).sule is environed 
hy occipital caililagc, m, .stretching over tlie back of tlie skull, and 
hy wing like gi'owths pV/s/'A/ us) Avhich Avail most of the brain- 
box in (rout. I’he high orliito nasal septum is a continuous vertical 
plate of carlilagt', Ujigrowiiig Irom the tract of the coujoiiicd tra- 
becuke. Lateral dcA elojunents of this t'thmoidal wall, in front, are 
divivlcd into several recognisable jiarts, u/c, al.<, aln, the latter being 
the external nostril ; jip is a transverse partition hetAveen the orbital 
and nasal chambers. The na.sal cartilages ultimately become much 
coiivolut(‘d to form the nasal labyrinth, among the convolutions of 
which Avill 1 h‘ the su[)crior and inferior turbiual cartilages, in addi- 
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tiou to those already noted. The ethmoidal wall ends liehind at 
yy.s', the presphcnoidal region, whore the brain-ease begins ; below 
and behind, it is deeply notched for the foramen, 2. Tlu' 

])ituitary space forms a circular foramen, through which the carotid 
arteries enter. The site of the orlht of the eye is bounded behind 
and beloAV by the post-frontal process of the alisphenoid wing, /ff of 
(f.'f. The pterygopalatine rod is seen along the uiuler border of the 
skull, '/>{/ and pn. The (juailrate, 7, has acipiired nearly its sha])e, 
and the rest of the mandibular and hyoidcan parts are clearly dis- 


Fkj. Cl'). -- SKiill «'f cliick, Oiinl st.'i.iit*, 
\ ii-wctl fi'ittii III lnii\ X C-j (liaiiii‘1 t'l s. Jill, 
jtrt'iiaMil rai'til.iLji', ItrliiiHl inin tin* 

vcptiini iiHNi ; oil (‘Ufli ol' it tlir jiuMiiax- 
illary, yu, of which tin- (inner) ]>alatal ami 
(niifcr) ilcnlary inocc^scs arc seen (tin- niipcr 
nasal pruccss' hiildi ii) ; m.i, the inaxillarN, 
'IcNclupin:.' inner process, (he ina\illo|iala- 
line, i/i I j) jid, (he palatal, well (ornieil, 
aitieulatiicu lielnml with /h.N, the splu-nonlal 
lostriini, its tliiekeiieil umler bonier, the 
paraspheiionl ; tliis will bear the \onier at, 
its eml when that bone is ileXeloped; _/, 
lineal, Jiiiiiiii.L: iii.i and 7/. tin- ([n.idialo.iiiyal, 
.loininj^' .y and 7, (he ipiadrate ; /// < (07,(110 
,lUL;al bar <ir /y;;onia ; /‘ 7 . the p(<-r.\ '^oid, 
niakin.L; with yic the p(ei,\x'opal:itiiie bar, 
loinin;.^ 7 and yo ; /■/, (he liasiieiiipoial, ureal 
inaL oi bone iVoin ear (o ear, niMlerllooi iH'; 
the sUnll ]iro]ii r, as ///s, a similar fonnat ion, 
does Initliei loiwanl; !<■, ontei end o| 
eai-utid canal, (o tun bitweeii (he hi plal<- 
and true tlnor of sluill, ami enter biain 
ea\ity at oiiuuial site oi ]>i(ni(aiy (oss.i 
(h'l.us. (il, CiCi, /(), (1/, (.\nipanie eavit.\ e\- 
leinal openin'', o( ear; "s, alisjdn mnd, 
boiimliiiu" mill h of biaiii bn\ aiiLeiiorlv. and 
oibit.il ea\ity postei ioi Iv ; }>■'<■, |to,tein.r 
semieirciilai canal ofear. in opntholie bt.ne, 
which Will iinile wilh (lie spieadin.u < \- 
oeeipital, winch will naili (lie enudyle 
shown in (he middle line, above the (br^iinen 
inauiiniii, /m, (•oinpletnl ab(i\e b> siipia- 
oeeijiital ; S, ((ii'aiiieii laeenim pos(<iins, 
e.\it (if piienniouasi I ie, pl(»,s.s(tj.iiai_\ ii'-a al 
ami s]iinal iieeessoi y nei \ e ; n, e\il (d h.\ po 
pdo.s.sal mrNe, in lia.sioeeipiial. (Attii 
I’arkei'.) 



jtlayod, //tk, etc. The proximal liyoideaii cltimciit, sf, is freed froui 
the periotic cartilage, leaving ilie fenestra ovtilis (see last paragraph). 
B«*1()W the geuer.al outline, /m to or, is not shown a, mat of soft 
tissue, ill which are to be devehjjted the lniFdriiijioi'dl and 
oiil bones wliicli underfloor the whole skull, — the funner nrikiug a 
plat between the ears, Fig. (Hj, hi, the latter forming the thickemal 
under edge of the t’osfnu/t of the skull rh'i. 

At the third stage, about the middle of the second week of in- 
cubation, the cartilaginous parts already described are nea.tly tinisluid, 
and the skull is beginning to ossifi/. The occi}>ital parts are well 
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fonncd; tlio condylr.* is |)crf<‘ct ; tin; foninion iiuigiium is circuni- 
sci iluid by and siij)ra-oc(;i[)it;ds, and .svy, FiLc. (J9. Invcstiiyj; 

lioiKis, foriJKMl in iiioiribrann without previous cartila^% are becoiu- 
iii-- apparent, ddio ])asit<‘niporal, />/, and parasplieiioid, rU, are cn- 
^rafliri.L; uj)on the base of tbe, skull. The juriKisal rurtilaiR’, pn, now 
at its full yi'owth, is beuinnin.L,^ to deeliiu^ ; on each side of it is 
formed a three forkeil bom*, the preniaxdllary, yv, having superiorly 
nasiil, and lateially palatal ami dentary ])roecsses. ^Ihis bone is to 
^row to gr(‘at .-i/.e, forming most of tlui U})per beak, and starving 
out, the maxillaiy, whieh in mammals is the principal bone of tbe 
upper jaw. klKi ])alatal, pn, and [)t(“rvgoid, jyg, bones are ossified, 
and th<‘ (juadrate, is ossifying. Iletween the ])reniaxilla]‘y and 
tin; (jiiadiat<‘ arc^ tlu; Ixuies foiiuing tin; r./iptuiKi, or jugal liar, de- 
V(‘lop(‘d in tlu; outer part of tlu^ maxillopalat ine bar of tlu; earlier 
enibr\o. d'hey art* tlu^ weak ///t/.z/Y/e/v/, iuj\ with its ingrowing 
pi(>ce.'>s, tilt! jiKi I'i/ltijiiihfihfr bom*, mxp ; next tbt* tlien tin* 

(jt : tin*, whole forming an outer lateral rod from 
tpia<lrat(‘ to prt'iua xillary, like a duplicatt; of the pterygo[)alatine 
rod fioui tlu* same to the samt*. 

Among occui ivnet's of later stag(‘s art* to be not(*d the dt‘V(;lopnient 
in membiaiie in the middle lint*, below of tbt*. nmn'r, borne upon tin* 
end of the I'ostrum ; tin* I’otiling in of tin* wholt; skull liy tht^ paniUil^ 
sipiifiiiosiilj Jniii/iil, anti n<tstil liont's ; the comph'tioii of the prrhjfir 
Ikuh's as the pi'nufji^ and (tjuAln/fir, whieh ftirni tlu* ofir nipsidf.^ 

iiv oforrtiiir ; tlu* tlevt'lopment of /ttrip/md hmnx^ boumling the orbits of 
tin* eyes in front. Absorption of the mitldle wall t)f cartilage bc- 
Iwt'en the nasal ami orbital cavities nicks oif the nt)se jiarts from 
thos(*ot' thtM>rbit (big. 7(M)(*twet‘n ///A ami rih) ; and t;ertain changes 
in thet)rbital septum devt'lt)]) the tu'ltifn.spJtriHiids. \'ery nearly all 
the bones of a biid’s skull having thus been accounted for, we may 
next consider them in tht'ir atlult condition, liefcrence sluiuld 
bt* made to I'igs. (II?, C).’), 70, 71. 

The Occipital Bone (Figs. (i'J, 70, 7 1) ftu ins theliack jiart of the 
tltior t»f the skull, and lower part tif tbe back wall of the skull ; 
neither its boundari(*s nor its com]K)sition are visible in adult skulls. 
It. is tormed by the A'/'-vnc/vp/Ye/, Ae, below in tbe middle line; the 
supi'tiih'npd'il, so, above in the middle line ; tlu* f xorcip'dal^ oo, on either 
si(h*. d'lu'se bound i\w. Jarif inrn iufttfinnn (Fig. bt), f/ii), Avhorc tlui 
nerve mass makes its (‘xit from the cavity of the cranium into the 
tube of the spinal column. At the lower part of tbe foramen is the 
protuberant occipital condyle (Figs. (IS, 71, ec), borne chiefly upon 
the basioccipiral, but to the formation of which the exoccipitals also 
contribute ; tlu* latter Hare widely on each side, into the t 3 'mpanic 
wings, which bound the external auditory meatus behind. The true 
basioccipital is mostlv covered by the underlying sccondaiy bone. 
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the basifcmjwraJ (Fii^s. GO, 70, If)^ wliicli extends from one tympanic 
cavity to the other, anil more or loss forward in the middle line to 
the sphenoidal rostrum. Openings to he ohserved in the, occi[)ital 
region, besides the great foramen, are those for the hyi)oglossal 
nerve, 9, near the condyle : for the j)arts of tlie vagus nerve, S, 
more laterally, and the carotid canal, ir : also, above the foramen 
magnum, openings for veins, sometimes of great size, as in Fig. (bl, /. 

The Parietals (Figs. Gl* and To, 71). — Proceeding uj) over 

the brain-box, the next bones are a ]>air of j)arietals between the 
occipital behind, the frontal before, and the sijiiamosal beside ; but 
their limits are rarely if ever to be seen in adult skulls, d'hey aie 
relatively small in birds ; simply sijuarish |)lates, boumb'd as said, 
coming together in the upper mid-line, or sagittal suture. 

The Frontals (Figs. G*J and 70, /, 7 1), originally paired, soon fiisi* 
togidhei’, and with surrounding bones of the skull, tliougli main- 
taining some distinction from those of the nose and jaw. dliese 
I’oof over much of the ])rain cavity, close in much of it in front, and 
form the roof and cavi's of the great orbital sockets. Antma’orly 
in the middle of tin*, forelu'ad line tlie fi'ct of the nasal ju’ocess of 
premaxillary an; implanted u})on the frontal, nsually distinctly ; 
more laterally, the nasal bones are articulatiMl or ankylosed ; tin’s 
fronto-naso-])remaxillary sutnia; foiining the frontofacial hinge (Fig. 
G3, .'■)) tin; (‘laslicity or articulation of whi(;h the np[)er jaw 
moves upon the skull, when acted on by the judalal and jugal l)ars. 
In the midst of the forehead thi; two halvi's of the frontal soitie- 
times si'parati*, as they do in the fowl, allowing a little of the 
mesethnioid to conn* to the front. In the middle liiii;, underneath, 
the frontals fusi; with what(‘ver extmit there may be of the mi'seth- 
moid which forms tlu; haigthwise intei*oi‘bital si^ptum, and often a 
crosswise partition between tin; orbital and nasal cavitii'S. To the 
antero-external corners of the frontal are articulated oi* ankylosed 
the lacrymals. The /ifisf/muOtl yymv.s.s, * moiphologically the post- 
frontal or sphenotic bone, bounds the lim of the orbit behind ; it 
is usually ipiite prominent. Tin; frontal rim of the* orbit in many 
birds shows a crescentic dc*]nes>ion (very strong in a loon and many 
other water-birds; Fig. Go, for lodgment of tin; supraorbital 
gland, the secretion of which lubricates the nasal i)assages. The 
cerebral plate of the frontal is often imperfectly ossilied, showing 
large fenestne besides the regular openings for the exit of iiin ves 

^ TIktc i.s y sonic :inilji;^ui1y in tlic um* ol' tlic term ‘‘ |»o.>tiVonUil ” 

process by (Ullereiit uutliors. It would ai»pGar that tin's proeessj boiiiKiin;.^ tlie rim 
of tlic orbit behind, may lie a projection of the frontal bone, ami therefore .stiictly a 
postfrontal jiroccss. Or that, as said by Owen for it may la* a separati! Iione, 

and therefore projierly a fxhst/mntol houf'. Or, a<;aiii, tliat it may liave. iiotliiiif^ to 
do w’ith tlic frontal bone, Imt belong to the alisjdiciioid, as a process of the latter or 
a separate o^.sification ; in which case it would be properly the .sjthrnolir. In no 
event ha.s it auytliiiig to do with the sqintmosfff proces', lettered as such in Fig. 
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which fire nhvjiys louiid at the liack of the orbit. Viewer! from above, 
the. frontnl is vaulted and e.xpanded liehind, over tlie brain cavity, 
then ])iii(;lied more or le>s, sometimes extremely narrow over the 
orbits, tlien usually somewhat expando<l again at the frontofacial 
sulur(\ d'h(^ (ixtcmt of the frontal l»etwe(m the orbits and face, in 
the lacryrmd region, is very great in the duck family, a.s see in Fig. 03. 

The Squamosal (I.at. stjitiumf, a scale ; Figs. 70, 71, .sv/) bounds 
the brain box luterally, bctwiMUi occipital, parietal, frontal, and 
splimioidal bones, its di.sf im;! ion fi'om all of tluisc*. being olditerated 
in adult life. Jt is situated near the lower back lateral corner of 
tin; skull, foi'ining some part of the cranial wall just over the ear- 
ojMUiing, and a, strong eaves for that orifices It is lirmly united also 
to tile. boiK's of the. ear proper, and I'cccivi's the larger share of the 
free articulation which the <pia(lrat(‘ has with the skull. It often 
din'elojis a strong foi'ward-downward spur, the Sfjiiamosal process 
(f’ig. til'), looking lik(^ a duplicate postfrontal ])ro(;ess ; lx.'tween 
these, two IS till! fi'nlii itjillr i/< jn'rssioH^ cori*es[)()nding to the “tem- 
poral fossa” of man, in which li(; the musch*s which close the jaws. 
It, scarcely or not, cnt(*rs into the orbit, the adjacimt [>art of the 
orbit, being alisphenoidal. 

The Periotic Bones ((Jr. Trt/)/, yjc/h about ; ocs', eVos', vfas, 
th(‘, ear ; fhg. 7it) ai'e lhos(‘ that, form iln' /icfnisdl hmir 
rocky, iVoiu their hai'dne.ss), or bony ])(‘riotic caj)suh‘, containing tlu'^ 
essential oigati of heai’ing. Wlnni united with (‘ach other and with 
the sciuamosal, tlu'y form the vmy com]»osit(* and illogical lame 
called “tempoiar’ in human anatomy, d'here an^ thia'c of thcs(‘, 
otic hones, - an anterior, t he /iruolir : a jiosterior a.nd inferior, the 
oiiislfiitlir {(Ir. <":rer/4, behind) and a superior and (‘xternal, 

the 'rtiev can oidy h(‘ studii'd in young skulls, ipion careful 

dissection ; they do not apjiear U[M)n the outside of the skull at all, 
<‘X(M-pting a, .>niall pieci- of the opisthotic, wdiich there fusi*s indis- 
tinguishably with the «‘Xoccipital. lint some part of these hones 
is on looking into the c-avity of the outm* eai*, and if the 

tenestra o\alis can be recognised, it determines a part of the bound- 
ary bi'twi'en the pro()tic and opisthotic bones, while the fenestra 
rotunda li(*s wholly in the lattiu’. Fln‘ cavity of the periotic boiu^ 
is hollowed tor the labyrinth of the intei'ual ear, including the 
cochhxi, which contains the essential nervous organ of heaving, and 
the three si'inicircular canals — so much of them as does not invade 
surrounding bones. In the young fowl's skull viewed internally (Fig. 
70), Parker tiguios a very large [iroiUic [lortion (jio) of the periotic, 
I'ertorated by the internal auditory meatus (7) for the entrance from 
the brain of tiie auditory nerve ; belo\v and behind the proutic a 
'^mall o})istbotic (e/>), in relation with the oxoceijutal, upon tlio 
surface of whicli it also appears, outside {Fig. 09, at />sr), and with 
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which it blends ; a very small epiotic centre {cp\ between the 
])ro(')tic and supra-occipital ; and the anterior simiicircular canal {(lar) 
embedded in the latter. In Dr. Shnfeldt’s iit:;iiro the otic elements 
are merely noted diagrammatically. According to Tluxlev’s gener- 
alisation, the epiotic is in special relation with the })osterior semi- 

P'k;. 70. - Ki'iio rliiok’s 

\ 1. \\» ■! 1 .1 c/i , ■ Mntiii t( I 
after Parker. In the maii- 
ail* seen : ////,-, r<‘niains 
«>f Meekelian n^d dentaiy 
bime ; s/), .splenial ; n, an- 
mil.ir ; sit, sUMiif^ular; e/-, 
artieular ; internal arti- 
(“iilar |iriieess; ]>()■>- 

termr artie'dar jirnee.'.-^. In 
tile skull : y//^, tli(‘ <ni;.cinal 
lirena.sal eaitilau'e, n|Mni 
wbicb IS nnnilded llie jiie- 
niaxillary, /n, w itli its na^al 
l>r«»cess, /j/M', and deniary 
J)rneef,s, dyw ; v/(, ^eiiin- 

nasal eartila;^'e, in ulueb is 
seen nn, nasal nerve ; nth^ 
nasal turluiial; the refer- 
eliee line einsses Hie I'ritinn- 
Jiii-idl till' l.iee parts 

and eranial iiarts linn'j; 
neaily separated lieie liy 
the iiiek seen in the nil- 
l^inal cart ihiL!:! nous plate; 
lI/i, ellinioid ; y»', perpell- 
dieiilar ]ilale ul elhnniid, 
whu'h will spri'ad neatl\ 
t hi (iil.u'hnnt f he dot ted ear- 
l ila';inniis liaet. in u Ineli it 
lies, to lonn iieai ly all the 
interoi bit al sept nni : tiaiis- 
Veise Ihiekeimi,;,^ (III snllie 
bii.ls) ticliiU' till- I'elei'cliee 
line f lit will bn in I he pi e- 
trontal or oibitonasal -sr]!- 
tiini ; iuj, ijii erm In lal tm a 

liieii ; jK, pre->phe|i( ml il 
region, jn«,L aliioe wlneh i', 
them bitosphenmdal i e-;i"ii; 

‘J, optic loT-aineii ; ns, ali- 
spbenoid, with foramen 
bn* diMMons ol the ‘.th 
(I I ifaeial) nei ve ; /, fi out al ; 
s'y, sipiaiiiosal ; y, pai'ieta! ; 

.'o, siiperoeeiinlal ; om , an- 
teiior seinieiieiilar canal ; 
se, a sinus (venous canal) ; 
cyi, epiotic; ('ll, exoceipiial 1 n/i, opmiholie; po, firool le, with 7, meat us auditoiiiis interniis, 

for entrain 7tli nei\e ; ,s, torainen fm* vaens, nnve ; /<o, iKMiocfipital ; hf, tiasilenipmal ; n , 

canal (in oiieinal pitnitar> space, l-’i;,' <■>';, o) by which carotid aiteiy eiiteis biain ca\ilv; 
basi pi ery.LCnd jnocess; ny* to i h-^, lo-stinni of the .'skull, beiii;.: the para'.pheiioid lione iinder- 
tloorin.u' tile b-i.-sisphenoid and fntine jieipendicnl.il jdati; of ctbnioid. (’I'hc scalfoldni;^ ot tin* 
upjier.jaw' Hot sliow’ii, excepting ///, i-tc.) 

circular canal ; th(3 protitic with tlui antoihir vertical canal, Ixitwccn 
which and the foramen ovale (o) for the lower divisions of the 
trifacial nerve it lies. That part on which the inmtr loot of tin; 
(piadratc is implanted is prodtic. Delow the drooping caves ot tlui 
S(juamosaI, before the ilaring wing of tlie itxoccipital, and Ixiliind 
the (juadrate bone, is tlie alway.s decided and considerabh* cavity of 
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the ejii', boiiiidofl pretty sharply by the sciuamosal and exoccipital 
rim, slopini^ with less distinction in front toward the orbital cavit}'. 
In this auditory hollow may be seen several openings: the mcatn^ 



or proper ear- 
passage, through 
which, in one direc- 
tion, a bristle may 
be passed to emerge 
at or near the 
middle line of the 
base of the skull, 
a])Oiit the root of 
th(i basispheiioidal 
rostrum. Such a 
})assage is through 
the fil'd rmrrnl 
cleft of the early 
embryo, modified 
into iitnduii imli- 
forius and Eudo- 
chian iiihe, which 
1 atter commun i cates 
with the back part 
of the mouth. Be- 
sides the other ear- 
passages ])roi)er, 
may be found other 
openings of air- 
])assages leading 
into the interior 
diploic tissue of 
bones of the skull. 


Tic. 71.- Uii»i‘ clinks skull, m juulilc, v »li;mict.-rs ; aftiM- aiul especially llltO 
Parker. in, |iiciii;i\illaiy ; nln, aliiiasal caitila.^c ; m, septo- 1 ^ 1 - ^ 

nasal; n, ii.isal liniic ; /, l.-urymal ; /» , ]h '1 pcmlicular ]>l;itc of tilO lOWCl’ jaW-OOiU . 
ctlmmid, as in Ki^r 7 p ; y,..-, prcxpluiioulal ; (js ali.siilic- Tlio oMv-n-irfs; nvp 

noiil ; /, fruiital ; p, paiictal ; sipiaiiin-.,,i) ; .s.i, supcroccipital ; ^ 1 ‘ * 

«'<), cx.icfiiutal ; oi, iM Cipital CMinl\h' ; >/, tlic cross-like object, immeilSelv dcVC- 
tliest.apes, whose foot Ills teiiestia o^alls, sec Pi;.?, s:; ; 7 , ijuad- , , . ^ 1 

rate; />;/, pfery:;oiil ; .//, qu.Kliatojui^al . j. Jupil ; /)<», ]>aialiiie ; lopcd 111 OWlS, 111 


m.r, iua\illary! In the man.lible: il, .Iciil.'iry"; .>jf. .MuanKUlar ; nf 

e. an^'ular ; nr, artieiilar; inn, internal anj^ular proecss ; yu/i, many spLUlt-o 
jiostenor aiiirul.ir process. optic buaiueu ; foranu u ovale, wliifdl thpv are 1111- 
lor inferior <li\ t.Mon.s of the .'.th nerve. (C.nupaic I'iu. 70.) . \ ! 

symmetrical, that 


is, not sized and shaped alike on right and left sides of the head. 

The Sphenoid ((Ir. (r(/)>;r, uphrn, a wedge; ct^os', cido.% form; 
Figs. ()L\ 70, 71) is 11 compound bone, not easy to understand as it 
occurs in birds, as much of it is hidden from the outside, some of 
it is very slightly developed, and all of it is completely consolidated 
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with surrounding bones in the adult. It is wedged into the veiy 
midst of the cranial bones proper, with its body in the middle line 
below, next in front of the basioccipital, and its wings spread on 
either side in the orbital cavity. A sphenoid consists essentially 
of the hasispitenohl, or main part of the bone (Fig. G2) ; the paii’ 
of oMaphenokh or “ wings,” one on either side (Figs. 70, 71, ns); 
the obscure presph<^nokl {ps) in the middle line in front of and 
above the main body; and the pair of small orhilospl(nwi(/.'<, 
which arc in fact the wings of the presj)henoid. The body is 
usually covered in by the undertiooring of the basitemporal ; it 
is a Hat triangular plate, produced more or loss forward in the 
middle line as the htidspynokhtl roainiui, or beak of the skull. 
This roMnnii (ttp to rhs in Fig. 70) is an important thing. It forms, 
in fact, the central axis of the base of the skull ; with the meseth- 
nioid plate the inferior bordcu* of the interorbital septum, usually 
thickened by the undcrllooring of the j)(iray/>hf’nokl (Fig. 70, rhs). 
The rostrum often bears on each side a h(f.vpfrrf/(foi(l jirotrss (n/>), — a 
smooth facet with which the pterygoiil articulates. 'r,hcsc processi's 
may be very strong, and far back on the basisphenoid body, when 
the pterygoids articulate with them lU'nr their own posterior ends, 
as in the struthious birds and tinamous (Fig. 77), ; or they may 

be further along on the rostrum, and tin; pterygoids then jirticulate 
near or at their fore-ends. Tlui rostrum may l)«i prodiuied far 
forward, beyond the inaxillopalatines and vomer even, as in an 
ostrich; or it may bear the vomer at its end ; or may be embracc^d 
by forks of the vom(*r ; the palatin(‘S may glides along it, or bo 
remote from it on cither side. In any evimt, whatever its produc- 
tion, whatever part may be ethmoidal, or basis[)henoidal, or para 
sphenoidal thickening, ptcrygo-faceting, etc., this “beak” of tlui 
basisphenoid is always in ,thc axis of the basti of the skull, and 
at the l)ottom of tin? interorbital jdate ; it may 1)e horizontal, or 
oblkpiely ascending forward ; and the vari(ity of its relations with 
the pterygo])alatine and vomerine mechanism furnishes important 
zoological characters, as we shall see when W(; come to treat of 
palatal structure particularly. Just at the bas(5 of the beak, where 
it widens into the main body of tin? bone, may comnioidy be seen, 
coming from betwiam the si)hcnoidal body and the li|> of the basi- 
temporal underflooring, the orifices of the Fustachiaii tub(^s, and 
often also the anterior ends of the carotid canal. Jf a bristh?, 
passed into a questionable foramen here, comes out of the ear, it 
has gone through the Eustachian tube ; if it comes out below the 
ear, on the floor of the skull, outside, it has run in the carotid 
canal. The extent of the aliqthinokU (Figs. 70, 71, <^•>■) cannot 
be determined in old skulls. They lie at the back lower border 
of the orbital cavity, closing in most of the brain-box that is 
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iKjt foreclosod liy the frontal hone. You will always find at the 
hack of tin; oihit, close to the mid-line, and rather low down, 
the very l;ire;e holes which transmit the optic nerves from the 
hrain to tin; ey<^ ; tlnise an^ the nptk Jnnnnina, (any Figs., 2) ; 
alisplnaieid sliould not extend in front of these orifices. A 
little IhjIow and heliiml the oj»ti<! foramina, and much more 
laUnally, not fai' from the (juadrate itself, is a consideralde fora- 
nuin, (jiiit(‘- constant, for transmission of the inferior divisions of 
the, liflli (frlifiiiiuiiil or trijnrjif/) nerv<‘. d'his is \\\{.\ finuimcn ontic 
(any Figs., ; it is either in the alisphenoid, or between that hom^ 
ami tin* pi'oittic ; it must not he mistakim for one of the several 
smaller holes, usually seen close about the o])tic foramen, which 
Ifvmsmit 1-he Ihrei; mn virs {in‘iiliinnfoi\ pa/l/nfir, and ((hdncr.ni) which 
move, th(‘. muscles of the (‘yehall 3 these holes being collectividy 
aboiif, (M(nivah‘nt to the hicninn nnfrrlns of human anatomy. 

Farts about- lla^ optic foramen, belbia; and abovig are presphenoidal 
(Figs. 7t), 71, />s) and orbitosjihenoidal ; but they are ol)S(!ure to 
all but the mi^bryologist, and furnish no zoological characters. 

The Ethmoid ((Ir. v)^^//(k, c//////e.s-, a si(‘V(' ; fi’om th(‘. way it is 
pei'forat-ed in th(‘ human species; l''ig. (>2) is the, bone of tluj mid- 
line of th(‘ skull, in front of tli(‘ sphenoidal ehunents and below tln^ 
frontal ; it is in s|)ecial redation with tlie olfactory nervous a])])aratus, 
(►r scns(‘ of smell, d'his is md- an easy bone to “g(‘t the hang of” 
in birds. Feten'ing to l'\gs. fib, (‘>8, rfh, tlui student will see in the 
early embryo a high thin ])late of cartilage, the 'incMhiiinid car- 
tilage*, which is devi'loping lateral process(‘s to form the convolutt'd 
walls of the nasal passages. |>y tlu*- uprising ami forth-growing of 
(he jU’e'iiasal cartilage*, the. mes(*thmoidal plate* is tilted backward, 
as it weia*, undei- the fi'ontal. Nh'xt, by ab.sorption of tissue* just 
opposite the future craniofacial suture, the plate is nicked apart, 
the portion in front of tlu* nick elaborating the- nasal chambers, 
which usually I'emain cartilaginous, and the portion behind this 
nick becoming (1 k^ p(*rmanent [)late, Fig. 70, c///, y>c, to which tin* 
name nn flm/nid or mid-ethmoid is moi'c .strictly applicable. I Vac- 
tically,a bird’s ethmoid is chielly the interorbital septum, in vertical 
mi<l dim* b(*tw(‘en the orbits, w ith such ilange-likt; processes or lateral 
plates as may be developi*d to form an <n'hif(nn(S(d septum sejiarating 
the ('\ e-socket from tin* no.se-chamber. Jn general, the permanent 
ethmoidal plat(* becomes m*arly coincident with this orbital wall, 
and l)i’etty well cut oil' from the osseous or cartilaginous develop- 
ments, wln*n any, in the nasal cavities. It is then fairly under 
cover of the frontal, with which, as with the sphenoidal elements 
]a)steriorly, it becomes comjiletely fused. When this interorbital 
septum is fully developed, it completely dividt's the right and left 
orbital cavities, and its lower horizontal border, fused with the 
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])asisphciioidal rostrum, may like the latter he thickened by bearing 
its share of the parasphenoidal sidint. Oftener, howevi'r, this lower 
border slopes upward and forward, from the sphenoidal base to the 
roof of the skull about the site of the craniofacial sutun' ; and 
usually the septum is incomplete, having a membranous fenestra 
somewhere near its middle (Fig. 70, ///). Along the upper bor«h‘r 
of the mesethmoid plate, or just in the crease lietween it and the 
overarching frontal, may usually be seen a long groove, which, be- 
ginning behind at the uj/artorff funnnni of the brain-box, conducts 
the thence-issuing olfactory nerve to the nasal cham])ers. Some- 
times there is anothei* such groove, from a foramen m'ar by in 
the sphenoidal ])arts, which similarly traces the course of the 
ophthalmic (first) division of the trifacial lU'rvi*. Occasionally, as 
in the fowls, the two halves of the frontal bone .s(‘pai’at(‘ a little at 
the extreme forelu^ad, allowing the mesedhmoid plate theie to conui 
up flush with the oiitcir surfaces of the skull. 

Tn some birds, as the low ostrich, for example, the oi’iginal 
mesethmoidal cartilage-])late does not nick apait into orbital and 
nasal moieties, but ossifies as a. continuous slna't of bone, (li\ iding 
right and left halves of th(‘ .skull far towards the point of the beak 
(see Fig. To, beyond 7/ to Vnu ). A nasal S(‘ptum, 8C])ai’ated from the 
orbital se|)tuni, may ])('rsist to ossify; forming, as in tln^ iiiven, a, 
vertical i)late sejiarate fiom all surroundings, and lia,ble to be mis- 
taken for a free ronn'r (sei; Fig. 71), 'wherii th(‘ reba'ence line /■ goes 
to it, instead of to tin; truncate vomer) ; oi*, as in many bii’ds, a 
]»late variously ankylose,(l with its surroundings. Hut these forma- 
tions, as W('ll as the various hirhiiKfl (l^at. /mho, a. whorl) scrolls and 
whorls formed in this part of tlui sktdl, belong rathei* to the organ 
of smell than to tlu; skull }>roper. 

The Cranial Bones pyoper are all those thus far d(‘scri])ed, 
exce[)tiiig the nasal ossifications just noted, which belong to the. fii'st 
preoral arch ; and the stapedial [)arts of tin; ear, which belf)ng to 
the hyoidean ajipai-atus (second post oral ai’ch). 1 nternnaliate in 
some respects between the pro[)er craniid bones and 

The Facial Bones proper is the Vomer. Fly “facial bmies,” 
as distinguished fi’oni “cranial” boiuis, is meant the. (uitiio boii}^ 
scaffolding of the upper and lower jaws, and of the tongiu*, — 
])arts develo})ed in the preoral or maxillary, and first, second, and 
third postoral, or mandibular, hyoidean proper, and branchial, 
arches. 

The Vomer (l.at. vomer, a ploughshare ; Figs. (>2, Oil, 7o to SO, v) 
was considered, ]>y tho.se who held the verte])ral theory of the skull, 
to b(^ the body of tln^ fonmiost (fourth from behind — the basioc- 
cipital, basisphenoid, and presphenoid being the othei- three) ci’anial 
vertebra. So far from having an}" such morphological sigtiillcancc*. 
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it is oiKj of the late secondary Ijones, developed, if at all, apart from 
the general make-ii]) of the skull, as a special superaddition under- 
lying tin; ethmoidal region, as the parasphenoid and basitemporal 
undmlie. the skull fartli(;r back. Its character is extremely variable 
in tin; (dass of birds, though usually constant in the several natural 
divisions of tin; class, — a fact which confers high zoological value 
upon this anomalous bom*. A vomer is a symmetrical mid-line 
bone of the. basi^ of the. skull, found if at all at or near the end of 
lli(i rostrum. It is originally double, or. of right and left jiaired 
halves. 'I’liese halves persist distinct in the woodpeckers, and are 
re.mote from each otlnn-, one. on each side of the mid-line (Fig. 80). 
d'lu! vomer is wanting mitirely in tin; Columbine birds, as the 
jiigc(»ns and some of their a.lli(‘s, as the saiid-grouse {Pli'rocluhr) arnl 
Imsli (juails {llnni iioilutlti) of the old world, and in certain of the 
true Gtfl/iinr. Its conne.ctious are various. It may be borne free 
upon tlui end of the rostrum. It may be a])t>lied like a s})lint by 
;i grooved u]»per surface; to the und(‘r side of the rostrum, and so 
li.\(‘d tlu're. ; or, in such situation, it. may glide along the rostrum 
according to tin* movements of tin*. t>alatal parts with which it may 
connect, d’liiis, in the ostrich (Fig. To), it saddles the rostrum 
helow, and is joim*d by the maxillopalatines. Oi’, it may be united 
with S(;j)arate ossifications, the se]>toma.xillarii*s, which in some birds 
bridge*, across tlie palate* (big. SU). The commonest ease is its deep 
bifurcation h(‘hind (Kig. 7h), each fork uniting with the jialate bone 
of its own sid(‘, and sometimes also with the therygoid. Such is 
usually tin; lixtui’e of the bone b(‘hind, and it then rides along as 
Well as simply bestrides the rostrum. The anterior end of the 
voiiu'r may he. peitectly fr<‘e, ])rojecting into the floor of the nasal 
(diamh(*rs (Figs. (i'J, 77), or the fore end may be variously steadied 
<»r cj)nnectcd with maxillary processes Fig, 78). When free in 
front, and often when not, the vomer is a simple share-like ])late, 
mon* or h'ss I'xpanded vertically, (piite thin laterally, and “spiked,’’ 
/.c. running forward to a jioint ; under these circumstances it may 
or may not bifurcate lu'hiud, and be there attached to the palatines 
or not. Ihit the commonest case of vomer, shown by the great 
Fasserim* grou]), which coinpri.'^i* the majority of recent birds, is 
dilferent. ti'oni this, tin; vomer being in front thickened, tlattened 
ami expanded laterally, and connected with nasal cartilages and 
t'ssilicatious (alinasals and turbinals). Such a vomer, deejily cleft 
htdiind to join tlu* j»alatals, is endlessly diversilied in the contigiira- 
tion of its fore end, which may he notched, lobhed, clubbed, etc. 
The ijtiurid ru.sc of such a vomer is indicated by the expression 
‘‘vomer truncate in front,’’ as distinguished from the simply pointed 
or “^pikt‘(^’ vomer. (For further details see description of the 
several iiaiterns of palatal structure, beyond.) 
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The Quadrate Bone (Lat. qumlraiu,^, squared ; Figs. 0*2, 03, n, 
04, 05, 68, 61), 71, 7, 75, ()//), with wliicli we may liogiii the jaw- 
bones proper, is the siispensorium of the lower jaw, — tlie pei tectly 
constant and characteristic bone by means of whicli the mandi])le 
proper articulates Avith the skull. Its riidiimait is seen in tli(‘. 
earliest embryos, at the corners of the [iriniordial jiaracliordal 
cartilages. It belongs to the mandibular (first post oral) arch, of 
which it is the proximal element. Its general morjihology has 
caused much disjuite. From the fact that in birds one of its func- 
tions is to support, in jiart, the tympanum of the ear, it has ])cen 
identified with the Ijimpank bone of mammals, — that which in man 
forms the bony tube of the external auditory nu'atus. The \ it;Av 
now generally acce[)ted is, that the bird’s qiiadi’ate represcaits, cer- 
tainly in part, probably in Avhole, the little bone of tlu^ middle ear 
called the malleus in mammals. However this may be, the (pindi’abi 
of a bird bears the ])roxinial ends of hath, jaws, carrying their final 
(posterior) articulation up to the squamosal and petrosal bones. 
Thus, the foot of the (jiiadrate forms the free hing(‘, of the lower 
jaw, and also movalily articulates the liack end of both tlu' /ygo- 
inatic and the ptcrygopalatimi bars or “airades.” ’Fhe head of 
the quadrate freely articulates Avith tin* s<|uamosa], just in front of 
the tympanic cavity, Avliich it thus IjouikIs in front ; and tliei’c is 
usually a shoulder Avhich furtherinor<; articulates a\ ilh th(i anterior 
])eriotic bone, the proihic. Struthions biids do not hav(^ these two 
distinct facets. A long jmliele or orhiful j/merss extends forward, 
iiiAvard, and upAvard in the orbit; this non articiilai’ handle is for 
advantageous muscular traction. So circumstanced, lln*. quadrate 
is a stocky bone, of a shape reminding om* of an anvil ; it rocks 
freely to and fro u]Km its cranial socket, pulling and pushing upon 
the Avhole maxillary and lyaiulibular mechanism, Avith such effect 
that Avhen the loAver jaAV drops, the zygomatic and palatal Ijars are 
automatically shoved forAvard, tending to make the uj)p(ir jaw rise, 
and so increase the o])(ming of the mouth. Such mobility of tluj 
upper jaAV automatically Avith the movimient of the loAvcr is very 
free in parrots, Avhose craniofacial connections are (piite articular in 
character ; it is Avell shown also in ducks ; and ])i ohably nearly all 
birds haw, some such motion of th(; upper jaAV upon the skull. In 
nearly all birds, the mandiVndar articular facet of the cpiadrate is 
divided by^a lengtliAvise impression into inner and outer })rotuber- 
ances, or condyles, fitting corrcsj)onding depressions on the articular 
face of the loAver jaAv ; in some Inrds the articular surface is single. 
The zygomatic articulation Avith the quadrate is made by tlui balled 
end of the cpiadratojugal socketed in a cup at the outer side of the 
mandibular facet (Avith various minor modifications in diflerent 
birds). The palatal articulation is made by a little condyle of the 
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(jua^lrabf, at tluj inner side of the main facet, socketed into tlie 
cu[)]>e(l end of tlie [>tery.uand (with minor modifications). 

The Quadratojugal and Jugal Bones (Fiat, jnfju/n, a yoke ; 
F’igs. h-J, hli, 7, /', hi), 71, 7/, 7) form most of the outer arcade — the 
jvtfiil er :jfifoinnrtr har — leading from the rjuadrato ])one to the beak, 
d'lic, (juadrato jugal is ])osterior, njaching a variable distance for- 
ward ; at its fore end it is o])li<jnely .sutured to the jugal, a .splint- 
rod which carries the ])ai' forward to the maxillary bone, with which 
it is in lik(; nianrwr oblirpiely sutuied. The whohi aflair is almost 
alwiiys a slender rod, winch, with its fellow of the o})posite side, 
hjrrns tin; outermost lateral boundary of the .skull for a great di.s- 
taiKK!. It coiresporids in general with the ‘'zygomatic arch ” of a 
mamni:il, which is nnuh* up of a “zygomatic process of the ,S(jua- 
mosal ’ and a. malar or “ che(‘k-bone.'’ Tin; whole zygomatic arch, 
including the. maxillary bone it.self, is dev(;loped from tin; outer part 
of llm jH‘imoi'(lial ])terygo|)ahitin(‘ bar (see Fig. Ob). In parrots the 
zygoma, is movably articulated befoi*e as behind. 

The MaxHlary Bone (Fat. mnAIJn, u])j)er jawbone; Fig.s. C)'2, 
0.‘>, .S-, 1*1), 7l, 77), i/i.i'), forming so much of the U]>p(n‘ jaw of a, 
maanmal, is in biids grc'atly reduced, ])eing starv(*d out b}’ the pre- 
dominant ]>rema\ilhiries which form most of the up])er beak. The 
shajH*. of this stiinte<l bone varies too much to bi5 concisely de.scribed. 
Its connections ar(‘, ordinarily, with the jugal behind, by a long 
shmder splint-like; proces.s, and with the premaxillary and u.sually 
tin; nasal bom‘s in front, and (‘xt(‘rnall3^ Internally, it may or may 
not <‘onnec.t with the, ])alatal and vomer. The zoological interest of 
this l*one. lanitres in certain inward (palate-wai’d) proee.s.ses, often its 
mo.sl, eonspieiions pai'ts, and atipareidly eorrospoiiding to the plate 
whieli in a mammal roofs the hard [)alate anteriorly. Though these* 
are ini-n; processes from the. main ma,xilkiry, tla^y are so distinct 
ami important th.at they art; commonly descrihed as if they were 
iiid(;pemlent bones, under tin* name of the inaxUJoiHiJuflin',^. I'liey are 
llange-like or scroll like* plate.s, or large spongy mas.ses of delicate 
bone tissue, eudh*ssly varied in eonliguration and context (see tlie 
vaiioiis ligures of l)ase of .dviill, inxjt, beyond, where the palatal 
patterns are described). Certain other inward maxillary jirocesst's, 
which may or may not unite with the vomer, and so bridge over 
the i^alate, an; called .sty^Z/Miiaxillaries (Fig. 80, -v)/)./) ; and in some 
woodpeckers \’t‘t othei’ ]>alatal procoshcs ai>])ear (Fig. ^0, jnnx). 

The Pterygoid Bones ((Jr. 7rrt7>r^, wing; etoo<?, 

torm ; Figs. f)*J, (>.'), n, (i7), (h*, 08, GO, 71, 80,7% 7b to 79,77). 
lu't liming now to the quadrate, and going along the inner arcade, 
we liist encounter the — a generally rod-like, but variously 

twisted, crooked, or oxpaiuled hone, which makes the connection 
between the (piadrate behind ami the palate bone before. The 
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pterygoid is always freely jointed at both ends ; its posterior quad- 
rate articulation has been noted above ; its anterior connection is 
usually by little nipper-like claws by which it “ catches on ” to the 
hind end of the palatine. In the ostrich (Fig. To, Pt) the pterygoid 
expands into a scroll-like plate ; but its roil-like shape is usually 
preserved. Besides passing very oblicpiely inward as it goes for- 
ward from the wide-apart quadrates to the narrow rostrum in the 
axis of the skull, the pteiygoid often bellies or elbows inwards in 
its course to join the basisphcnoidal beak, and be niovably articu- 
lated therewith. In the majority of birds there is no such rostral 
articulation, or the pterygoid only touches the rostrum at its fore 
end, where it joins the palatal. In many, however, special uriicn- 
hr facdi>^ called lumpin' uuohl jn’occssr.'i (Fig. 70, are developed on 
the rostrum for the pterygoids to abut against and glide over. In 
Carinate birds, exce}>ting the tinamous (I)roininH/nifth(r\ these 
processes arc forward on the beak, and the ])terygoids .aiticulate at 
or near their own fore ends, as Avell shown in the fowl or duck 
(Figs. 77, 78, Pi). In Ratitc birds and tinamous, the basi[)terygoids 
are very long, Haring transverse ]>rocesses, fai* back on the rostrum, 
at the sphenoidal b^ise, and the ])terygoids articulate thei’ewith at or 
near their own iiosterior (uids (Figs. 75, 7>7/>, ami 70). 

The Palatal or Palatine Bones (Lat. juihihuii, loof of the 
mouth; Figs. G2, G3, p, (55, (>G, GS, G9, 71, 77, 78, 80, pn, 75, 
7G, 79, PI) are a pair, approximately ])arall(*l and neai' tln^ mid-lin(‘, 
forming that part of the “bard ])alate” or roof of the month which 
is not constructed by the ])alatal proca^sses of the, maxilhu'ies, or l)y 
the vomer. They are nearly always long thin bones, among the 
most conspicuous parts Avhen the dried skull is viewial from below. 
Sometimes, as in tin* ostrich (Fig. 75, y//), they are imnote from the 
axis of the skull and only^connected in fi’ont with the maxillaries 
and maxillot)alatiiies. In many birds they skip tlui maxillary parts 
in going for Avard to be fused witli the ju emaxillaries ; in most, j)rob- 
ably, they form aiitei’ior connections in oiui or another fashion 
Avith palatal parts both of maxillaries and of prcmaxillarifis. 
Behind, they ahvays corrcctl}' articulate with tlic ])tci-ygoid. Tlie 
mid-line connections made in most Carinate birds (not in Droimfo- 
(jivdiifr) are variously Avith the vomer, Avitb the rostrum, Avitb each 
other, or some or all of these relations at once. A long deeply-ch?ft 
vomer may by its posteibn- forks attach itself to the avIioIij palatal 
mid-line, excluding the palatals from the rostrum ; less exttuisivc 
attachment of the same kind may permit the ])alatals to touch each 
other and the rostrum posteriorly, Avhile cutting them off anteriorly; 
also, a non-cleft vomer nuy attach itself to the tiosterior extremity 
of the palatals, and bear them off the rostrum. The jvhole hard 
palate may fuse into an indistinguishable mass ; and in almost any 

R 
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case the relations of the palatals to each other and their connections 
afford some of the most valualde zoological characters of great groups 
of birds. (Details figured and described beyond.) Though very 
variable in configuration, as well as in connections, certain parts of 
a palatal may usually Ixi recognised, and conveniently named for 
descriptive piir])oses. Anteriorly, in the great majority of birds, of 
whatever technical kind of palatal structure, the ])alatals arc simply 
prolonged as Hat strap-like or lath-like ])ars running past the maxil- 
huy to the ])i (*niaxillary region ; and such simple band-like charac- 
ter may be preserved behind. Ordinarily, however, the palatals 
exi)ari(I [loslcriorly, becoming more or less laminar ; and in this 
plat(!-like part three surfaces may usually be recognised. One, more 
or less horizontal, flai ing outward, is the eAcrnal lamina. It is well 
shown in a. rasserine or Itaptorial bird, where the 2 mtero-eAcmal 
aia/lc (between the outer border and the posterior end) of the pala- 
tal is well marked, or may be acutely produced ; there is no such 
lamina in a fowl, wliere the palatals are for the most })art slender 
and rod-lik(‘. ^ An internal plate, more or less vertically produced 
to make the mid-line lostral or vomerine connection, is the superior 
internal lainina, or ineifiopalatine process ; very strong, for examjdc, 
in a fowl, where it foians all the cx])andc(l part of the bone, and 
ends antei iorly as a, sharp inter-palafine sjmr. The mediopalatine 
is prohaldy to l)e regarded as the main l)ody of the bone, being the 
most axial })art, of tlie most extensive and varied connections. A 
third li]) or plate of the palatal is the inferior internal lamina, look- 
i?ig downward ; it is generally very evident, but in a duck or fowl 
is reduced to a meiHi ridge, indicating where the su]K‘rior internal 
and external lamina* meet. A duck’s ])alatals arc (juite different in 
a|)pearance from thos(* of most birds, all the posterior parts just dis- 
tinguislu'd been reduced and constricted, while the fore ends, 
running abruptly into tlie hard-boned beak, arc much expanded 
hoi'izontally (Fig. 7N). The ])ostero-external angles of tlie ])alatal 
(formed by the external lamina), even when much produced, may 
not reach as far back as o])posite the pteryg 02 )alatine articulation; 
or they may suijiass these limits, and when they do, such backward 
prolongation is called ]iosljialafiio\ the ])alate being considered to 
end at tin* pterygoids. In like manner, the maxillary processes of 
the palatals, or the palatal strips as prolonged into the premaxillary 
region, arc called jnepalaiines. The inner posteiaor process, by 
which the palatine is articulated with the pterygoid, is its pterygoid 
process. 

The Premaxillary Bones (Figs. 02, G3, a, 69, 70, 71, 80, p.r, 
75 to 79, />m.i'), also called Intermaxillaries, form most of the upper 
beak, attaining enormous development in birds, and reversing the 
usual relative size of premaxillary and maxillary. ]\Iainly deter- 
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mining as they do the form of tlie upper mandihle, their shapes are 
as various as the hills themselves of birds ; but their generalised 
characters can be easily given. Each premaxillary, right and left, 
forms its half the bill; the two are always completely fuse(l 
together in front, commonly preserving traces at least of their 
original distinction behind. They arc commonly called one hone, ihc 
premaxillary. Each is a triradiate or 3-pronged hone ; one upper 
prong, the most distinct, called the mtml or frontal '/n'orrss, forms 
with its fellow the culmeii (Fig. 2G, h) of the hill. These i)ro- 
cesses, side by side, run clear up to the frontal hone in birds, 
driving the nasal hones n]>art from caeli other. Such a nirdiaii 
fronto-pi’oinaxillary suture, with lateral frontonasal and nasopre- 
maxillary sutures, is highly characteristic of birds, — an arrangement 
probably exceptionless. Two other horizontal prongs on each side, 
extensively distinct from the frontal process in most birds, hut 
less separate from each other, run horizontally along the side and 
roof of the mouth for a variable distance, 'riiese hoi'izontal prongs 
are an cAcrnal or dentarij process (Fig. 80, ppx), forming!; tlu^ tomium 
(Fig. 2G) of the hill, and reaching hack to join the dentary part of 
the maxillary; and an Intn'/ad or jndtdal jtrorr.'^.'^ (Fig. 80, i-un- 
ning along the commencement of the bony palate. With this latter 
the anterior ends of the palatal hones unite, — either on the side to- 
ward the mid-line of the beak, or between the ])alatal and deutaiy 
processes, as in a woodpecker (Fig. 80). (h-eat laminar expansions 
inward of these j)alatal ])arts of the pi’emaxillaritis roof the hard 
part of the mouth anteriorly, though there is usually a vacancy 
between the premaxillary hard ])alate and that formed farther hack 
by the maxillo])alatines and palatines. The ])osterior extnaiiities 
at least of the fi'ontal ])i'ocesses of the ])remaxilhuie.s arc coninionly 
distinguishable from each other as well as from the; frontal and 
nasal bones — in fact, thosii fronto-naso ])remaAdllary sutmu's are 
among the most ])ersistent of all. 'Hie divergcaica; of the frontal 
from the palatal and dentary processes hounds the external nostril 
in part, the circumscription of that orilice being (jompleted ]>y the 
prongs of the nasal hones. The superiicies of the pnmiaxillary 
hone, like that of the dentary piece of the lower jaw-bone, is com- 
monly scul}»turcd with the impressions of the vessels and nerves 
which ramify beneath the horny integument; and in birds witli 
very seirsitivc hills, as a .^nipe or <luck, tin? end is perforated sieve- 
like with little holes, into which the skin shrinks in drying, i)roduc- 
ing the familiar pitted appearance (Fig. G3, at r). 

The Nasal Bones (Figs. G2, 71, //) might have been deseri])cd 
next after i\\o froidaU, as they continue forward the general roofing 
of the skull ; but are conveniently con.sidered in tlie present con- 
nection, being in birds rather ‘'facial” than “cranial.” They are of 
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size, and pron^^cd, — one fork, tlie superior process, being applied 
for a variable distance along the outer side of the frontal process of 
the preinaxillary, the other, inferior, descending to or towards the 
dentary border of the maxillary or premaxillary, or both; the 
divergence of these two processes hounding the nostril behind. The 
ba.s(i of the nasal, uppermost and posterior, ankyloses (usually) or 
sutures (of‘t(in) or articulates (as in parrots) with the antcro-external 
bonh‘-r of the frontal hone ; its fre(juent collateral connections being 
with tiui lacryinal or ethmoid, oi* lioth of these. The nasals are 
very variable in shape, as well as in the extent of their connections. 
When expansive, they may wall in much of the nasal cavity, as 
well as honinl the nostiils. Th(‘se latter openings, as far as their 
bony boundai'ics ar(5 concerned, are usually much more extensive 
than lh(‘y seem to be from tlu^ outside, ])eing greatl}^ contracted b}" 
inmnbi'ane and int(\giiin(mt. Ordinarih% each forms a large vacuity, 
\vhi(;h the desianiding prong of the nasal bone seiiarates from a 
similar vacancy between itself and the lacryinal, the lacrymal in turn 
inh'rposing l^etween this and the orbital cavity. The descending 
j)roc(!ss of the nasal, in fact, is a marked object at the side of the 
base of tli(! upper mafidible of most birds, though slight or rudi- 
mentary in the Jiatita*. A chai-achn* of the nasals has lieen 
employed in classilication 1)y Mr. (Jairod. A bii’d having the 
bones as above generally descriluMl, with moderate forking, so that 
the angle of tlu' fork, bounding the nosti’ils bt‘hind, does not reach 
so far back as tin* fronto-prenmxillary suture, is termed JioIorJiinul 
((»!'. mA)s*, Z/oA/x, whole; /wcAk, /'Z/Zx, rhinos, nose; Fig. Gli). Ihit 
in tlh' ( nliiiiihiihr, and in a groat many wading and swimming 
birds, wliose palates are cleft {srhl^oiinnthons), the nasal bones are 
srhi'jirhiiiiii s(‘hi:i), 1 cut); that is, cleft to oi* beyond the 

emls of th(! j)rema\illaries ; such fission leaving the e.xternal de- 
scending proc('ss very distinct from the other, almost like a separate 
bone. IMgeons, gulls, ])lovers, cranes, auks, and other birds are 
thus split nosed. dTe value of the character, except as an auxiliary, 
is doubtful. 

The Lacrymal (hat. Joert/nni, a ttsir ; from the relation of the 
human bone to the tear-duct ; Figs. (PJ, Gil, v, 71, /) is one of 
several s[)lint-like metnbraue-bones of the skull, having little inti- 
macy of relation with the general morphology of the craniiun, 
though <|uite constant in birds, and often very conspicuous. It is 
situated at or lu'ar the anterior tmter corner of the orbit, near the 
nasal but behind that lione ; sometimes ankylosed, sometimes very 
loosely attaclu‘d, oftener lirinly sutured with the frontal; and may 
also have connection with the nasal and ethmoid. It is generally a 
claw-like aH'air, depending from the front outer corner of the frontal, 
and conse(|uently bounding the orbit anteriorly ; it may be variously 
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twisted, crooked, hooked, etc. It is singularly elongated and dis- 
torted in the ostrich. In the duck tribe, in which the lacryino* 
frontal region of the skull is greatly elongated, the lacryinal has 
coextensive attachment to the frontal bone, and is broadly laminar, 
with a downward process ; in some ducks bounding at least a foui th 
of the orbital brim, and almost completing the circles by ('xtendiiig 
toward the very protrusive po.stfrontal proces.s, as in Fig. G3, ?/. In 
some parrots, the rim of the orbit is com]>letLHl below, and even 
sends a bony bar to bridge over the temiioral fos.sa behind the 
postfrontal. In some birds, the lacrymal is (juitc^ free, and even 
in more than one free piece. The /as* undnafuin^ or e.s- larrijitw-paJa- 
would appear to be a palatine bone distinct from tlie lacrymal ; 
it has been observed in the j\[ii.'<(>phn(iula‘ and many otlua* j)ica.rian 
birds, in Taclijipeiv^^ and certain VronJlurildir. The lacrymal lu)ne 
seems to ])o the principal relic, in birds, of a sc't of s])lint-b()nes 
which lie alioiit the edges of the orbits in many d'ninpsiila. Another 
is the po.stfrontal or sphenotic, usually a ])i’ocess of the frontal, 
often a seiiarate ossification. In .some birds, as various 
there arc one or more loo.se supraorbital platens of bom*, serving to 
eke out the brim of the orbits; thus forming the “oibital .shields” 
so prominent in many hawks, and causing their eyebrows to ju’o- 
jeet. AVerc .such a chain (d‘ .splint-bones complete (lacrymal, 
supororbitals, ])0.stfrontal, and s(juamosa), to (juadiatc), it wouhl 
formal! arcade of bon e.s, orrr tin* orbit, like tlie actual zygomatic 
arch (maxillary, jugal, (juadiat/gugal, to ([uadratc*) which lies under 
the orbit; and such a double series is v(‘ry perfectly illusti’ated in 
many of the Bufiropf^khi below birds. 

Other .special ossifications have been de.scril)ed in some bii'ds, 
but I am obliged to pa.ss them over. I liave alrc'ady far exceeded 
intended limits, and have, yet to describe the mandibular and 
hyoidcan arches, and the zoological characters of the palatii as a 
whole. 

The Mandible, or Lower Jaw-Bone (Figs. G2, GS, 70, 71) is a 
collection of bones developed in the first j)ostoral visceral ai’ch. 
Each half of the com])Ound bone (right and left) consists normally 
oi Jive bones, which become immovably aidvylo.sed, but ti’aces of the 
original distinction of which commonly persist for an imhdinite 
period, — in some birds throughout their live.s. In an embryo wliose 
skull has passed to the cartilaginous stage, a long slender rod of 
cartilage appears in the first postoral visceral arch ; this is MeckeVn 
carfila(/e, or the Mechelian rod (Figs. 65, GG, C8, 7f), mk), so named 
after a famous anatomist. Around this rod, which subscrpiently 
disappears, the several bones of the mandible are developed. The 
anterior one of these is the derdanj {d), forming the scaffold of the 
horny part of the external under mandible. It usually unites by 
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ankylosis, sometimes only by suture, with its fellow of the opposite 
side. This union in the middle line is the symphysis (Gr. rrur, sun^ 
with ; ]thn^is, growth). The line of union is externally the 

gonys (see antfh), the length and other characters of which are 
determined l>y the mode of symphy.sis, as is the general shape of the 
tip of the lower mandible. The union generally makes an angular 
A, but may be an obtuse (] ; the symphysis is very short and im- 
p(U'f(;et, as in a ])elican, for instance, or the opposite, as in a wood- 
peck(!r and a miiltitmhi (jf birds, liehind the dentary, each ramus of the 
jaw continues with piec(*s called splfuial^aiujnlar and simingnlar {sp^ a, 
su); there is often a fenestra betwe(‘n tlnmi, by imperfection of bony 
union, as shown in Fig. (FJ or h:>, /, which also sutHciently indicates 
th(^ relations of these })arts. The articulation of the jaw with the 
qua<lrate lione is furnished by a fifth piece called articular (ar) from 
its function. As a whole the mandible is a prong(‘d bone, forking 
with a, variable degrc'e of divergences from its obtuse or acute point, 
sonn'limes (juite parallel-sided, as in a duck, oftener very open ; 
such jn’ongs may be straight., or variously curved or bent either in 
th(‘ vmtical 01 ^ the horizontal plane; ai*e generally stout and stanch, 
sometimes so sleaider as to be (juite flcxilde. The articular part, 
always expanded horizontally, ])resents a smooth irregularly cupped 
sujMuior surface*, for reee])tion of the ])rotuberanccs of the foot of 
(juadrale. In gemeral, this eon(‘ave articular surface is divided into 
an inne'r and outer cuj) separated by a protuberance, corresponding 
to similar ine(jualities of the opjjosing surface of the quadrate. 
Chipping of the. mandibular articulation is characteristic of lurds 
as conqiarod with mammals, in which latter the lower jaw has 
always a knobb(‘d articular surface (condyle). Tn many birds 
the anghi of the jaw is prolonged back of the articulation as a 
pasfcrinr art'uidar process (Fig. ().*», //, 70, ^Ji^pap), which may be long, 
slend(‘r, and upeurved, as is well shown in a fowl, duck, or plover. 
Such birds are sai<l to have the ‘‘angle of the mandible recurved;” 
the* opj)osite condition is “angle truncated ” (cut off). Usually also, 
an i lifer ua! (imiular /irueess (Figs. 70, 71, ^y^) is produced inward from 
the articular part of the jaw, as in the fowl or duck. Letweeii the 
dentary and articular i>arts, the ramus of the jaw is usually vertically 
produced as a thin raist el cre‘st, which, when prominent, is called 
the coronoitl practss it corri’sponds to the strong process so called in 
a mammal, and relates to (he advantageous insertion of the temporal 
or masseteric muscles which etVect closure of the jaw. It is scarcely 
evident in the fowl (Fig. 02), but well marked in the duck (Fig. 63, 
over /). At the back of the articular surface is the pneumatic 
foramen for entrance of air, when any ; on the inner surface of the 
ramus, about the splenial bone, is the opening conveying the vessels 
and nerve. 
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The Hyoid Bone (Gr. letter r, hn = \\y, enSo?, eidosy form ; Vigs. 
65-68, 72-74) is the skeleton of the tongue ; 
a very composite structure, consisting of 
several distinct bones, developed in the 
second and third postoral visceral arches (see 
Fig. 65, where ch and Ui arc the original ele- 
ments of the second arch, making the basi- 
hjal ^ and ceratoln/nl bones, and hhi\ chr, and 
ebr, arc the original elements of the third 
arch, milking the basibmnchialy ceratoln'anchial, 
and epibranchial bones). The Avhole ailair 
is somewhat /y or lying loosely, 

point forward, between the forks of tlie 
lower jaw, with its long slender prongs curv- 
ing up behind the hind hc:id more or li‘ss ; 
but it is not definitely connected with any 
other bones of the skull. The connection 
which exists between the hyoid and other 
cranial bones in a mammal is in birds broken 
by non-dcvclopmcnt of cerhiin links of bone 
developed in the miimmalian second post- 
oral iirch, as the styloliyjil, ei)ihyal, etc. ; 
though birds have a rudimentary stylohyal, 
at least in the embryo, among the several 
proximal parts of the second arch which form 
the intricate bones within the ear-j)assag(‘s 
(Fig. 07). The visible parts of a bird’s hyoid 
are usually : the l)ody of the bom^, ba.dbt/fd 
{bhj and Fig. 72, r), single and nuidian, com- 
monly (piite short and stocky, sometimes long 
and shmder. The basihyal bears in front a 
pair of ayrafolii/al.-^ (ch ; not shown in Fig. 72, 
where they have lieen absorbed in b) usually 
movably articulated with the basihyal. They 
commonly appear as little “ horns ” or pro- 
cesses of the next })i(ice, the (/lossoh/pd (Fig. 

72, b) or bone chiefly supporting the sul)- 
stance of the tongue. It may be a stout and 
apparently single bone, as that of the goose 
figured ; but oftener appears as a pair of 
slender bones, side by side, whose backward 
ends are the ceratohyals. The glossohyal 
may or may not bear at its fore end a car- 
tilaginous tip, as in Fig. 72, a. All the 

^ Basihyal, etc. The word hynl, used only in composition, means the same as 





7 ‘ 2 . — Ifyoirl l)OTif's of a 
Ko'isc, iiat. si/c ; by Dr. II. W. 
Sliuli'ldf, U.S.A. ir, ciirfi- 
la;^irious of Ji, Ok; 

;(i'fat ^lossoliyal, wliicli lias 
alj'.orliffl or rrjilaocd ccrato- 
liyals or “ Ifssi-r rtirinia ” ; r, 
basihyal, movably ai t ifiilatod 
h, ami combiin'd com- 
jilctcly witli il, basibraiioliial, 
c.Minmonly callcil “ uroliyal ; ” 
ccratobraiicliial ; /, cj)i- 

braiicliial ; r ami /arc to;'ctlifir 
known as “ tbyroliyals,” or 
;^rcat»'r cornua.” 
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forcgoinj' fire hyjil, i.e. belonging to the second visceral arch ; the 
following arc branchial, of the third arch : The hasihranchial (hhr ; 
Fig. 7‘J, d) is a single median piece, projecting backward from the 
basiliyal, with which it may be perfectly consolidated, as it is in the 
figure, or se))arately articulat(‘d ; it may be wanting ; it is usually 
tip])ed and [)rob)nge(l backward with a thi’cad of cartilage. The 
basibranchial is oitencr calhal “urohyal,” but had better be allowed 
its strict morjiliological mime. On either side, the basih 3 ’al bears 
the sej»arately articulati'd rrr(dnhr(wrJthd>; (rhr ; Fig. 72, c), long 
slendm' Ixjucs diverging as thiiy pass backward, and bearing upon 
their ends tin) rjjiljntnrh'nth (ehr ; Fig. 72, /), which finish off the 



l-'ii. '. T.’>. 71. I'liilrr I’lir. ^nlt' \ M‘\\ of a woodpi'ckrr’s (/“/<•»/, s) skull, sliowim; km}; 
sU'iidcr baMliN.'il (/'/<), lu iuiiit^ sliL’lit l•ll•nu*nt.^ at its foi/ on*l, 110 umylial, aiul I'vtnuu’tlinarily 
loii.u tli.M't'liNals (/,/) ctuMiiu' n]i oM>r back of skull aiul curliiii; t'>;^u-‘tlicr arouiul orbit 
of lilt' iiu'lil cNc. I'l'inT I'l;:. top Mcw of ‘-kull of ( ’o/oyi/is, sliowiiio tliymli.N als ruiiuiiio aloiij? 
the skull ami iiilo ii'lil iio''ti il bt ciul t.f the bill. (Dr. H W. SliufcMt, L'.S.A.) 

hyoid bone bt'hind, or may be in turn tipjied with cartilaginous 
threads. The cmato- and epibranchials together are badly called 
the “ thyrohyais,’’ and in still more popular language the “greater 
ct>rnua ’’ or “ horns ” of the hvoid. All these bones vaiy in differ- 
ent liirils in size and shape and relative development; the branchial 
elements arc the most constant in their length and slenderness. 
The whole hyoid apparatus of the woodpeckers is specially modi- 
fied ; the basiliyal is veiy long and slender, bearing stunted cerato- 
and glossohyals at its extreme end; there is no urohyal, or only 

hi/oi\!, but it is s;ii<l cf tlic .several tlilVereiit elements of which the hyoid bone, or 
hyoidean arch, is composed, the termination -ul being conformable with hnnichi-al^ 
etc. 
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a rudiment ; the ceratobrancliials arc long, and the cpibrancliials so 
extraordinarily elongated in some species as to curl up over the back 
of the skull and forward along the top of the skull to a variable 
distance ; sometimes, as in Fig. 73, curling around the orbit of the 
eye, or, as in Fig. 74, running into the nostril to the tip of the beak. 
In such cases tiny biiiulle together in })assing forward over the 
skull, and go obliquely to one side. 

Other Bones of the Skull. — The articulation of the lower jaw 
with tlie quadrate may have certain Thus, tlicre are two 

such sclcroAf’oiis or ligament-bones in the external lateral ligament 
of the raven’s jaw-joint, and the long occipital st}’le of the cor- 
morant and snake-bird is of the same character, ])eing an ossification 
in the nuchal ligament of the neck. The siphoii-like tube* which 
conveys air from the outer car-passage to the liollow of tlie mandible 
may ossify, as it docs in an old raven, for oxanq)li‘, resulting in a 
neat tubular “air-bone” or atnuiAcon (Or. ar/io^, air). 

Types of Palatal Strueture. — The arrangement of the Ikuics of 
the palate in birds results m several types of structure, first defined 
by Huxley and ap|)licd to the classification of bii’ds. * Tli(‘sc are the 
^dihKfuaihmiij (h.'mtoijnd/Jtfu/Sj ami tnjithoiinutluni.^ ; to 
which Parker has added the Huxley ])roi)osed to 

make the primary division of (^u*inatc binls iq)oii this score ; and 
since the plan could not be made to work in his hands, it is certainly 
futile for any one else to demonstrate again flie impossibility of 
establishing the higlnu’ groups of birds upon any one s(?t of charac- 
ters, — u[)on the modifications of any one structur(‘. Ts’evertheless, 
when duly co-ordinated with other characters, palatal structure 
becomes of the utmost im 2 )ortance in defining large groups of birds. 
It is necessaiy, therefore, for the stmhmt to cl(*arly understand this 
matter, which I will lay befpre him as iieai ly as ixissible in the words 
of the authors just mentioned. 

Dromseognathism (dr. (<><;, dronKfios, a runn(!r : genus-name 
of the rinrif). All the liatite birds, and the tinamous alone of 
Carinate birds, are dronKrof/noflK/xs. “ The ])osterior ends of the 
Iialatincs and the anterior ends of the pterygoids ai'ti very irrq)erf(;ctly, 
or not at all, articulated Avith the basisphenoidal rostrum, being 
usually sej^arated from it, and siqqiorted by the broad, cleft, hinder 
end of the vomer. Strong basipterygoid proc(;ss(is, arising from the 
body of the basis 2 )henoi<l, and not from tlie rostrum, articulate with 
facets AV’hich are situated nearer the posterior than the antcuior ends 
of the inner edges of the j)terygoid bones.” This is the gist of 
(Iromcpogmithism ; it is exhibited in several ways, {(i) In Hlrvthio 
alone, Fig. 75, the very short vomer, borne u])on the rostrum, articu- 
lates neither Avith palatines nor Avitli jitcrygoids, but AAuth the maxillo- 
jialatines ; and the palatines, Avhich are remote from the rostrum. 
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advance beyond the maxillopalatines, as in most birds. (/>) In Ixliea^ 
the vomer is as long as usual in birds, and articulatt's behind with 
the palatines and pterygoids, but docs not join the maxillopalatines 
in front; the short palatines unite with the inner and posterior 
edges of the thin fenestrated maxillopalatines. (r) In Casuariun 
and Dromivus (cassow'ary and emeu) the long vomer articulates 
behind with the palatines and pterygoids, and unites in front with 
the maxillopalatines ; these are Hat, imperforate, and solidly joined 
to the premaxillaj ; the palatines are short, (tl) The extinct Dhwriiis 



Fl<i. 70. — 

skull of till.'lIllOM /■/- 

i-njiicd by .Sliulcltlt from 
Iluxli-y. Lcltors a.s before. 



Ki«:. 77. — skull of noni- 
iiuui fowl, nut. si/c ; from nutiirc by I)i’. It. 
W. Shufrldt, U.S.A. Letters us before, 
e.xc'i't /*'/, palatine. 


had flat imperforate maxillopalatine plates uniting solidly with the 
iiremaxilla?, and probably with the vomer, as in Urrma'i/s. (r) In 
Aptertj,c the long vomer unites with palatines and pterygoids behind ; 
short broad palatines suture oblitpicly witli flat ini[)erforate maxillo- 
palatinc plates, which unite both Avith premaxillary and vomer. (/) 
The tinamous, Drojucrorjnathce (Fig. 7G) “ have a completely struthious 
palate ” ; vomer very broad, uniting in front with broad maxillo- 
palatine plates as in Droniams ; behind articulating with posterior 
ends of palatines and anterior ends of pterygoids, both of which are 
thus prevented, as in all llatiUe, from any extensive connection with 
the rostrum ; basipterygoid processes springing from body of 
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sphenoid, not from its rostrum, articulating with pterygoids very 
near the posterior or outer ends of the latter; and head of cpiadrate 
with a single articular facet, as in 

Sehizognathism (dr. I cleave) is the kind of 

“cleft palate ” shown hy the columbine and gallinaceous birds, by 
the waders at large, and many of the swimmers (see Fig. 77). In 
this general case, the vomer, whether large or small, tapers to a 
{)oint in front, while behind it (unbraces tin; basisphenoidal rostrum, 
b(;tween tlu^ jiiilatines; these bom^s and the pterygoids are directly 
articulated witli one another and witli the basisphenoidal rostrum, 
not being borne upon the divergent posterior ends of the vomer; 
the maxillopalatines, usually (dongated and lamellar, jiass inwards 
over [///nZ/y, when the skull is viewed u[>side down, as it usually is] 
the anterior part of the palatines, with which they unite and then 
bend backwards, along tluj inner edge of the palatines, leaving a 
broader (U' narrower fissure between themselves and the vomer, on 
e.acli side, a,nd do not unite with one another or with the vomer. 
It follows from this that in the dry skull of a ])lover, for instance, 
which shows tlTij schiz(>gna,thous arrangiunent (‘xtnunely well, “the 
blade of a thin knibi can l»e passed, without me(‘ting with any 
1)ony obstacle, from the jmsterior nanss alongsid(i tluj vomer to the end 
of tin; beak.” There are sev(‘ral groujis of birds which exhibit the 
schizognathous [dan, with ulterior modifications of palatal and (dher 
chara(itei’s. {a) ddie columbine birds (PrrisfrroniorjfJuc of Huxley’s 
arjangeuient) : maxillopalatim's elongate and spongy; basiptery- 
goid process(‘s narrow, hut prominent, (h) The gallinaceous birds 
{Aleclanfitiorplia'): maxillopalatines varying greatly in size, but always 
lamellar : [»alatines long and narrow, with rounded-off [lostero- 
external angles; basipterygoid j>rocesses oval, flattened, sessile U[)on 
the rostrum, articulating with the pterygoids, (r) The penguins 
{SphnfisroiimrpJni ) : maxillopalatines ccmcavo- convex and lamellar ; 
no basipterygoid [wocesses ; ])terygoids tlatt(}ncd. (</) In the gulls, 
jietrels, loons, grebi's, and auks, constituting the Crroi/iorplift’, the 
maxillopalatines are usually lamellar and concavo-convex, but may 
])e spongy, tumid, and closely aj)proximated to the vomer ; and 
basi[)teryg()id processes are absent or })resent. (r) In the cranes, 
rails, and their allies {(hranonivrphn)^ the maxillopalatines are 
concavo-convex and lamellar, and basipterygoid processes are usually 
absent. (/) In the [)lover-snipe group, or limicoline Gmlhn 
{Charadrioiuorphif), the maxillopalatines are always concavo-convex 
and lamellar ; the basipterygoid processes narrow and prominent. 
Excepting [)erhaps groui) ^vhich does not hang together so well, 
the schizognathous groups here noted correspond very closely with 
recognised orders or suborders of birds ; in all of them, the maxillo- 
palatines are perfectly distinct from one another and from the vomer. 
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and the latter is slender and usually pointed. There are plenty of 
other birds in Avhich the former factor in the case obtains ; but in 


these the vomer is broad and usually truncate in front (see ^‘EgifJuh 
gnathi^ni, beyond). 


Desmognathism (Or. (W/zji?, 
f/cs/z/es, a bond) is exhibited in 
one or another style by those 
swimming and wading liirds 
which are not schizognathous, 
by the birds of prey, and 
various non-passerine ])ercliing 
birds. It does not fadge so 
well as any other one of the 
palatal ty])es of structure with 
recognised groups of birds 
based on other considerations. 
In this “ l)ound-palate ” type 
the vomer is either abortive or 
so small that it disajipears : 
when existing it is usually 
slender and tap(‘rs to a ]»oint 
in front ; the niaxilloi)aIatines 
are united across the median 
line, cither directly or by means 
of ossi Heat ions in the nasal s(‘p- 
tiini ; the postci ior ends of tin; 
palatines and the anterior ends 
of the pterygoids articulate 
directly with the rostmiii (as in 
schizognathism). This tv])e is 
simply and jierfectly exhibited 
by a thick hi which 

the niaxillopalatine is a broad 
flat plate united with its felhov 
in mid-line ; the oval sessile 
basij)tcrygoid facets are fai* for- 
ward, o])positc the very ends 



ot the pterygoids. In the 7s!. — ih skuii or mniiaid 


flamingo, ibis, spoon-bill, stork, 
heron, the united maxillo- 


palatines are tumid and sjjongy, filling the base of the beak ; 
basi pterygoids are wanting (rudimentaiy in the ilamingo). In 
totij^almate swimmers (pelican, cormorant), desmognathism is carried 
to an extreme by union of the ])alate bones also across the mid-line ; 
the general arrangement is as before. The birds of 'prey exhibit 
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several special conditions of -desmognathism. The parrots are 
another case ; among other cranial characters of these birds is to be 
noted the artknhition of the palate bones with the upper beak, like 



Fkj. 7\K—.V[n(}i> 'iU(ith<.u:i .skull of ravi’ii, 
Cnrnis contr, iiaf. si/c ; Inun n.aliiii' l»y Dr. |{. 
W. SlmfcMt. D.S.A. as Ivtoiv. 

N.ll. 'riitMiiisplacod n-ft‘n inT lull", T, uocs to 
till' i>ssili»Ml nasal sf]UniM l>onu' upon Iho end 
of tlu* voiiuT, wliicli laltcr liom* bi-uMiisat tlu* 
tliii’ki'st pai'f of flu* i’lMitral projoclion. M ify 
untlt'i'lii's r auil oxorlii’s I'l, but toiu-hi-s 
nritluT. 


that of the zygoma. The multi- 
farious Picarian liirds, or non- 
passerine Inscssores, are desmo- 
gnathous, excepting the schizo- 
gnathous trogons {Trogonidee) and 
the ^^saurognathous’* Avoodpcckers. 
Parker has described the follow- 
ing categories of desmognathism : 
(ff) rerfret direct, the inaxillopala- 
tincs uniting below at the mid- 
line; cither with the nasal septum 
free from such bony bridge, as in 
a duck; or ankylosed therewith, 
as in many birds of prey. (1)) 
Perfect indirect, very common, as 
in eagles, vultures, owls ; maxillo- 
jia-latines scpai‘ated from each 
other by a chink, but ankylosed 
with nasal septum, (c) Lnper- 
frrthj direct; maxillopalatincs 
sutured together but not anky- 
losed. “ ill young falcons and 
hawks the ])ala,to is at first in- 
direct, is then imjierfcctly direct, 
and at last ])orfectly direct.’’ ((/) 
Iinperfectlji indirect ; maxillopala- 
tincs c\osely articulated with, and 
separated by, the “median septo- 
maxillary ” ; but there is no 
ankylo.sis. (e) Double: the pala- 
tines united as well as the niaxillo- 
palatines ; as in the pelican and 
cormorant above noted, in certain 
Caprimulgine birds, horn-bills, etc. 
(/) Compound : when the properly 
(rgithognathous skull of a passer- 
ine bird becomes also desmo- 


guathous. 

i^lgithognathism (Or. aiyiOaXiU, aigitliuhx'i, some small bird) is 
exhibited almost unexce])tionally by the great group of Passerine 
birds ; it is also nearly coincident with Fussr/rs, though a few other 
birds, notably the swifts {Cfq>silidiv), also exhibit it. Huxley’s term 
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Coracojnorpha\ nearly synonymous with Passervsj relates to the 
])alatal structure exhibited by a raven (Fig. 79), as typical of that of 
pKsscres at large. The vomer is a broad bone, truncate in front and 
deeply cleft behind, embracing the sphenoidal rostrum in its forks. 
The palatines have produced postcro-external angles. The maxillo- 
palatines are slender at their origin, extending inward and back- 
ward over the palatines and under the vomer, where tliey end free, 
being united neither witli each other nor with the vomer. This 
disconnection of the maxillo})alatiiies is (/uoinl hoc “ schizognathous,” 
of course ; but such condition, in ((ssonafian with the peculiarities of 
the vomer, is iegithognathous. The nasal septum in front of the 
vomer is often ossified in a^githognathisni, and tin? int(‘i*val between 
it and the premaxilhe filled up with spongy ])ono ; ])ut no union 
takes place between this ossification and the vomer (Huxley). 
According to Parker, the distinguishing character of the a'githo- 
gnathous ty])(^ is the union of the vomer Avith the ali nasal wall and 
turbinals. He distinguishes four styles : {n) Iitconijilctc ; V(‘ry curi- 
ously exhibited by the low Tiinn,r, which stands iu‘ar the gallina- 
ceous birds, (h, c) Cunijilct*-^ as represented under' two varieties, 
one tyi)ilied by the crow, an Oscinc Passerine, the other by the 
Clamatorial Passerines PdrlnirJiiniijilnis and Pi/mi. (d) Cinnjioimd, 
i.c. mixed with a kind of desmognathism, as noted above. “ Vernier 
truncated in front” is the general expression for the condition of 
tint bone in the iegithognathous ty])e ; it is fivcpiently massive in 
that direction, and of (Midlessly varied configuration. 

Saurognathism (dr. (rac/>os\ a lizard; Fig. (SO). Accord- 

ing to Huxley the woodpeckers exhibit a “ diigradatioii and simpli- 
fication of the iegithognathous structure.” The peciiliariticis of the 
palate of these birds (including Pirido^ Pinmniidfr, ;ind Ji/nifidir) are 
so decided that I’iirker proposes to c;dl them sm/n/(//iiffhoi(s. The 
structure is very ditlicult to midvc out, and may l)e undijrstood best 
by study of the accom[)anying figure, copied fi'oni Fjirker. The 
maxillopalatines, vi./p, arc very sliglit, not extending inward beyond 
the outer margin of the j)alatines, and being sometimes cpiite rudi- 
mentary. In front of them, an jublitional little paljibil plate of the 
maxillary, pin.r, is develo])c<l. The vomers, r, are delicate pnired 
rods on each of the median line. The postero-externid angle of 
the palatine is either rounded off or obtuse-angled. AVhere the 
broad main part of the ])alatine suddenly mirrows is (hivcloped iin 
interpaliitine jirocess, ipo. The ethmoj)alatine })lates, or internal 
sui^erior plates of the palatine, Avhich are of variable length, arc con- 
nected by the most marked rncdinfhdatinc ossification, i/ij/it, seen in 
the class of birds. Pridges of bone arc de])Ositcd along the inner 
borders of the palatines ; such are the septomaxillaries, s///,/*, and 
other formations Avhich, like the mediopalatine, serve to bind the 
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palate halves together. The nasal chambers are unusually simple ; 
there are ]>eculiaritics of the tympanic cavity and quadrate bone. 

“ All these things being considered,” says Parker, in conclu- 
sion, “it will seem contradictory now to assert the great uniformity 



of the skulls of Birds, 
and indeed of Birds 
themselves. Yet so it 
is, and the countless 
modifications that offer 
themselves for observa- 
tion arc gentle in the 
extreme. One form is 
often seen to pass into 
anotluT by almost in 
s(‘nsible gradations. . . . 
In tlie rest of the 
Birds’ organisation 
abundant evidence of 
tlie same specialisation 
will be seen. Tlui mind 
fails to desire more 
b(*auty or to contem- 
plate more cx(piisito 
adaptations. An almost 
infinite variety of Ver- 
tebrate life is to be 
found in this class. Of 
its members some dig 
and bury their germs, 
which rise again in 
full plumage, whilst 
others watch and in- 


.vo.- ''If sKnii i.r iii-stiiii.u' \ I ecssaiitly feed their 

alti'r TaiUrr. /’i. |ti«-iiia\ill.ii-\ ; its di.Mitary . i i • 

pincf'i'. ; /I/M, Its ii.il.ilal ; ■./<. .Ncjttoiia-’al ; /<((. i)ala- teiUiei' UrOOCl 111 tlie 

/M/n. iirctiliar palatal platr <1’ iiiaxill.iiy of a wcmmI- 
pia’kcr; )'/, iiaN.il lml>mal; i,ii. iiia\illary; //•!». mtfrpalatal 
spur <>r palatine Imiie; »/(/>. 1 inliiiientary niaxillopalatiiie, 

.seareely lea.liiii:: palatine; sun, .s.pl(.iiia\iM.ii\ . in several , 

pii'ia's ; r, MLiht \onier, its ri-ll<i\\ uppu'.ite; /.<,iii\ver Imr.ler aild tllO StrOllg plaCC. 

of perpeinlieular plate of etlinionl, l>eiueeii \oniers ; y I 

ethnioiilal (inner) ]'late (>r palatine; ,i//m>, nu‘<lio]i:tlat ine ; -lU lOCOlllOtlOn 801116 


shady covert or ‘ on 
the crags of the rock 


/>;/, pler^p'i'l; /, foianieii for inleinal 
ner\e ; fv'V liypoj;lo-^>.al uei\e. 


lor va-us others run, or 

they may wade, swim. 


plunge, or dive, whilst most of them ‘ tly in the open firmament of 


heaven.'” {Eunj. Jlrif. 9th ed. Art. “Birds,” p. 717.) 
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h . Neurology; The Nervous System; Organs of Special 

Senses 

The Nervous System of any Vertebrate determines the form of 
such an animal ; in fact, the beautiful skeleton we have examined 
is simply a sketch in bone of the rerehrosjnital nervous si/stcmj con- 
formably with which the whole bony framework of the body is 
erected. A brain and spinal cord and their lateral prolongations 
or nerves are the commanding superadditions, in a vertebrate, to 
any such nervous system as an invertebrate may or does possess. 
Besides the vertebral or main nervous system, all brainy vertebrates 
retain a sympatheik system of nerves, supposed to represent a modified 
inheritance of the corresponding nervous system of Invertebrates. 
Thus tlie cerebrospinal and sympathetic are the two distinct nervous 
systems of all vertebrates which have a skull and brain. Tlie 
former presides over the animul life of the creature, — its sensations, 
perceptions, and voluntary actions ; the latter more especially over 
its verjetuth'e functions, as digestion, respiration, cifculation, and 
reproduction, which arc more or less involuntary. But the two are 
inseparably connected, anatomically and physiologically, so that no 
distinct line can be drawn between them. Nerve-tissue consists of 
an aggregation of nerve-cells and their investing substance, — the 
bodies of a myriad Neuraiiicelur agglutinated by their secretions. 
They are of two species : Nnirninceha eiiicreu and N. antflidtf. Tlio 
former are usually rnultiradiate, inosculating cells of nerve-substance, 
which form the “ gray matter of the brain and spinal cord and 
the ganglia (knots) of nerves ; the lather are white, thready, and 
form the connections of the ganglionic masses and the whole sub- 
stance of ordinary nervc-cor.ds. The gray amo'bas are the imme- 
diate communicants between the mind and the body of the creature ; 
the white aimebas are the mediators between the body and outward 
things. The gray anuL'bas translate thought in terms of matter, 
and conversely; the white convey the translation. How this is 
done, no one knows, but the fact is manifest. In ordinary language, 
gray nerve centres receive from white tracts impressions made ujjon 
the periphery of the nervous system ; and, with or without the 
knowledge and consent of the animal, convert these impressions 
into appropriately responsive action.s. This is called the “reflex 
action of the nervous system. Some think such reflection is the 
principal or only activity of the nerve-tissue, taking animals to be 
mere automata, the mechanism of which is only set in motion by 
external stimulation. Others think that animals, and even human 
beings, have in their consciousness an inner spring of action, vaguely 
called “spiritual,” whose operations upon the matter of their bodies 

s 
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manifests what is called by some “mind,” by others “soul.” I am 
satisfied of the correctness, in the main, of the latter view ; but, 
however this may be, it is quite certain that white nerve- tissue is a 
means of carrying something to and fro, which something is called 
a “ nerve impulse,” for want of knowing what it is. White nerves 
have therefore an cJUh'ent function, when they carry impulses out- 
ward from gray centres, and an iiffprent function, when they bring 
impulses into gray centres. The former is their motor function ; the 
latter is their function. In nerves at large, impulses of both 

kinds travel in the same tracts without interference ; such mixed 
nerves arc therefore called spnsorhnofor. Thus, each spinal nerve 
has a posterior sensory ganglionatcd root, and an anterior motor 
sim{)le root, which soon blend in one cord, in which both functions 
ccxjxist. Some nerves seem to })0 entirely motor, as those which 
move muscles of the face and tongue. The purest sensory nerves 
are those of “ special sense,” as the olfiictory, optic, and auditory. 
Some nerves ai e so “ mixed ” as to combine functions of special 
sense, common sensation, and motion, as that called glossopharyn- 
geal, wliich m?/ves, feels, and tastes. The motor efiluence of nerve- 
tissue upon itself and other parts of the body is literally aaimaiion ; 
the sensory influence is nominally materiolisafioji. The physical 
mechanism of these occult processes in a l)ird is as follows ; — 

The Brain (Lat. (nrhnun ; Gr. tyKo/xiAor, eijkephahn^ the enceph- 
alon) is the antci'ior dilatation and com])lication of the main nervous 
axis of the body, containe<l within the skull. It resembles a soap- 
bubble blown at the end of a pipe, being not less beautiful in its 
iris-f[uality, and not h*ss lasting. It is ]>rimarily triune, or three- 
fold, beginning as three such bubbles, called the anterior, middle, and 
po,dcri(tr rerehral vesicles^ corresponding to what are afterward the 
fore-brain, inid-hrain, and hind-brain, ov prosencephalon, mesencephalon, 
and o/nsfhencrphalon. Two of these primitive vesicles subdivide each 
into two, so that fiv(‘ segiuents of the Imiin result. These five are 
commonly called prose nee phahai, dkneephahm, mesencephalon, epen- 
cephalon, and inetencephalan, named from before backward ; and they 
respectively coiTospond witli parts of the adult brain known as 
cerebrum i)roj)er, optic thalami, optic lobes, cerebellum, and medulla 
oblongata. The birth aiul multiplication of gray neuramabas cause 
thickenings of the bladdery membranes in various places and ways ; 
all such gray deposits are the ijamjUa of the brain, and the great 
peri[)heral ganglion is the cortical layer or “])ark of the brain.” 
Similar deposits of white ncuramcebas connect all these ganglionic 
colonics, furnishing various commissures of the brain. The cavity 
of the original hubbies, continuous with the hollow of the pipe-stem 
or spinal cord (which Avas at the outset a furrow along the back of 
the embryo, not a tube) becomes partially divided up into several 
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communicating hollows ; these are the ventricles (little bellies) of the 
brain. Actual prolongations of brain-tissue, or nervous threads like 
the ordinary spinal nerves, pass out of the brain-box ; these are 
cerebral nerves, oftener called cranial nerves ; there are twelve pairs 
of them. At the pituitary space, just behind which the noto- 
chord ends (see Fig. 64), is developed a remarkable structure, the 
pituitarf/ hofhj : its nature is unknown. This lies under the brain ; 
opposite it, on top of the brain, is another curiosity, the eonariuni or 
pineal body ; it has been considered the special seat of the soul by 
some, though others have located that throne of animal grace in the 
solar plexus of the sympatlietic system, which is in the l)elly. It 
is probably the remains of an extinct eye. The pituitary and 
pineal are also called respectively the hypophysis and epiphysis 
cerebri. They lie respectively at the bottom and top of one of the 
cavities of the brain, arbitrarily called the third rent ride ; the 
anterior wall of this ventricle is the hnninit terminal is, or terminal 
sheet of the brain, with which, morphologically speaking, the l)raiu 
ends in front ; though, in its actual growth, tli(» prosence}dialon 
crowds ahead of this formation. As the brain-cell/ multi[)ly, the 
prosencephalon outgrows the associated parts, ami becomes nearly 
separated into lateral halves ; these are tlie hemispheres of the 
cerebrum, or “halves of the great brain”; they retain their ven- 
tricles, which intercommunicate through a passage-way, which also 
leads into the third ventricle ; this is tho fima men tf iMtnu'o. Mach 
sends out in front a hollow process ; these pi’oeesses ar<i tlni ol/aefnry 
lobes, or rhinencephahm. (“nose-brain”). A gnsit ganglionic thicken- 
ing of gray matter in the interior of each hemisphere is the am pus 
striatum ; these “striped Imdies ” are connected ]>y the anterior eom- 
wissure of the brain. The rest and greater part of the (jriginal 
anterior cerebral vesicle mivkes up by ganglionic thickening of its 
sides into what are called misleadingly the o/dic thalami, since these 
tracts have nothing to do with the sense of sight. The thalami and 
associate parts behind the lamina terminalis (thiid ventricle, etc.) 
compose wdiat some call the thalamencephajon, or “ bed-brain,” otliers 
the diencephnlon, or “’tween-brain.” The original middle cerebral 
vesicle makes up underneatli into longitudinal commissural librc‘s, 
called the crura cerebri, or “legs of the brain,” connecting foi’e and 
aft parts; but especially composes the ganglionic centres called enr~ 
pora hiyemina, or “ twin bodies.” These are tlie optic lobes, or “ eye- 
brain.” They are connected by transverse commissure. Tin? optic 
ganglia and commissure, the cerebral crura, and contaimMl cavities, 
essentially compose the mesencephalon, or “mid-brain.” The original 
posterior cerebral vesicle (opisthencephalon) becomes separated into 
two parts : the fore part of it is moulded into the considerable mass 
of the cerebellum (“little brain”); which, with its connections of 



26 o 


GENERAL ORNITHOLOGY 


PART II 


white substance (pons Varolii, peduncles, etc.) and the hollow under- 
neath it (“ fourth ventricle ”) constitutes the epencephalon of most 
writers, by some called the mdencejthalon, or “after-brain.’* The 
hind part of it tapers off into the spinal cord ; this tapering part 
is the m/idulla ohlongaUty or “ oblong marrow,” also called the myelen- 
crphalotij or “ marrow-brain ” (and by some the mctencepluilon). This 
<le.scription is pertinent to brains at large, representing the general 
plan of structure ; any fairly developed encephalon shows the parts 
specified ; and the most complicated brain, that of man, only shows 
what elaborate finishing touches may be given to the simple struc- 
ture thus outlined, when cells, l)oth white and gray, but especially 
the latter, are- profusely furnished, to the ornamentation of the 
mind’s estate with race-tracks great and small, and the place of for- 
nication, — fruits of the olive, and of the arbor vita3. The mem- 
branes, or //yc/d/?f/c.s‘, which hide all this from the uninitiated, are 
three. The phi inatrr, or “tender mother,” which immediately 
invests the brain, is very vascular, and. furnishes the blood supply ; 
not only by small artia ies which immediately penetrate the substance 
of the ])rain, bht by enfolded sheets which enter the ventricles, and 
are called cJionad jdvxus. The ararhnoidy or “cobweb,” comes next; 
a serous fluid which it secretes bathes the brain, and meets con- 
cussion with its gentler fluctuation. The dura mate'i\ or “stern 
mother,” is a dense outer membrane which enwraps and holds the 
whole firmly. These meninges descend into the spinal column, and 
answer the same purpose there, maintaining the same disposition 
around the spinal coni. 

The Bird’s Brain offers the following comparative characters : It 
is comi)act, luiving nothing of tln‘- straggling apart of its elements 
seen in low vertebrates, and completely fills the cranial cavity. Its 
long axis is about transverse to the axis, of the s^nnal column. The 
cerebral hemispheres arc Avell developed, but do not cover the cere- 
bellum or optic- lobes ; from their dome the rhincncephalon protrudes 
like a porte-cochere, ’fheir surface is (piite smooth (devoid of the 
gyri and sulci of most mammalian brains) ; even the Sylvian fissure 
is barely indicated. The optic lobes are of immense size, relatively 
to those of higher vertebrates, and relatively to the rest of the en- 
cephalon ; they appear much loosened from their surroundings, at the 
sides and hnirr part of the mid-brain ; they retain their ventricles, as 
does also the rhincncephalon. The corjiora striata are very large. 
The fornix is rudimentaiy. The cerebellum is well developed and 
deeply sulcate, with transverse fissures, but is not divided into right 
and left lobes ; a “ fleecy ” lobule on each side, the flocculus^ is well 
defined, and received in a special recess of the inner wall of the 
skull. Parts of the medulla oblongata notable in mammals are 
obscure or 'obsolete. There is no pons Farolii, or superficial trans- 
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verse commissure of the cerebellum, nor any corpm callosum — that 
great white commissure of the cerebral hemispheres which is 
characteristic of all but the lowest mammals. 

The Spinal Cord, or medulla spinalis (“spinal marrow”) is the 
main nerve-axis of tlie body, running in the series of neural arches 
of the vertcbne from head to tail ; it directly continues the medulla 
oblongata. It retains its primitively tubular character in part at 
least, and consists as usual of white matter enclosing gray matter. 
The cord is lissured into lateral column.s, as these are also to some 
extent into anterior and posterior tracts. The latter diverge in 
ascending the medulla oblongata, to throw the central tube into the 
cavity of the fourth ventricle ; ami especially in the sacral region, 
where a sort of ventricle, known as the avian siu^is rlumdntidali.<, is 
similarly formed. The calibre of the cord increases at the root of 
the neck, where large nerves are to be given oil* from the }>rachial 
plexus to the wings, and again in the sacral region, with the same 
reference to nerve-su[>ply of the legs ; after which the cord con- 
tinues to the end of the spinal canal as a terminal thread. 

The Cranial Nerves are twelve pairs, as in fuammals, the 
highest vertebrate num])er. 1, the o! f actor fi nerve of special sense 
(smell) ; origin from rhinence[)halon ; exit from cranial cavity by 
olfactory foramen, high up in orbital cavity ; conducted along a 
groove to final escape between perpendicular and lateral plates of 
ethmoid into the nasal chambers ; distributed to the investing 
mucous membrane of the septal and turlunal bones (d the nose. 
The exit is through a sieve-like or crihrifmia plate only in Apferjp' 
and Dinornis (Owen). 2, the >>ptic^ nerve of special sense (sight) ; 
origin from optic lobe and thalamus; of great siz(i, and forming a 
chiasm (decussation) with its fellow; exit by optic foramen, a large 
hole in back of orbital cavity between centres of orbitosi)henoid and 
alisi)henoid, close to or in common with its fellow. This nerve 
forms the retina of the eye. 3, 4, 6, the oculimofor, pathetic^ ah- 
ducentf collectively the motor nerves of the eye, supplying the 
muscles moving the eyeball ; 3, to all these muscles excepting 
superior oblique, and external rectus ; origin from crura cen;bri, base 
of mesencephalon ; 4, to the superior obli(pic, origin behind cjptic 
lobes, upper surface of metenccphalon ; 6, to external rectus (also 
to muscles of the third eyelid in birds) ; origin ])ctwcen m<it- and 
myel-encephalon, base of brain ; 3, 4, 6, exits from cranial into 
orbital cavity by several small, not constant, foramina near optic 
foramen ; or by this foramen sometimes all the nerves which enter 
the orbit pass out of brain cavity through one great hole. 5, great 
trifacial or irigeininal^ sensorimotor ; feeling skin of head, moving 
muscles of jaws ; origin (double) from myeicncephalon ; leaves brain 
from sides of metencephalon ; sensory root has Gasserian ganglion ; 
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motor root simple. This nerve has three divisions, whence its 
name ; ophthalmic division, the most distinct ; exit from cranial 
into orbital cavity by separate foramen above and to outer side of 
optic foramen ; grooves orbital wall in passing ; ciliary ganglion ; 
distribution mainly to lacrymal and nasal parts ; traceable to end of 
upper mandible; 5A, superior maxillary; exit by foramen ovale, in 
alisphenoid or between that and prootic centre ; distribution to side 
of upper jaw ; MrcMian ganglion ; 5r, inferior maxillary, derived 
eliielly from mijtor root ; exit same as 5h ; distribution to lower 
jaw (muscles, substance of bone, integument) ; no special sense (gus- 
tatory) function ; no ofir ganglion. 7, facial or jiortio dura, motor ; 
origin from myelencephfilon ; enters periotic bone, escapes from ear 
behind quadrate l)oii(*, by what coiTesj)onds to st3domastoid fora- 
men of mammals ; communicates with 5c by chorda iympani nerve, 
Avith 9, 10, 12, and sympathetic system; distribution to skin- 
muscles and others of lower jaw and tongue, etc. 8, auditory or 
portio mollis, nerve of special sense (hearing) ; origin with 7 ; no 
exit from skull ; enters meatus auditorius internus of periotic bone ; 
forms auditor^ apjiaratus in labyrinth of ear. 9, f/lossopharynyeal, 
mix(‘d nei ve, sensoi’iinotor and gustatory (taste) ; origin myelence- 
phalon ; exit by foramen in exoccipital ])one, behind basitemporal, 
near lower border of tympanic recess ; distribution to muscles and 
menibran(‘S of gullet, throat, tongue, etc. 10 , pueumoyastric, sensori- 
motor ; origin and exit next to 9 ; distribution to Avindpipe, lungs, 
gullet, stomach, heart, etc. ; has recurrent syringeal to vocal organs. 
11, sjtinal accessory, sensorimotor; origin U])per part of spinal cord ; 
exit Avith 9, 10; distribution to these nerves and to muscles of 
neck. 9, 10, 11, are intimately connected Avith one another, and 
Avitli other nerves, especially 10 Avith sympathetic. The several 
foramina in a bird’s skull, Avhich may be seen in the place indicated 
at 8, Figs. G9, 70, are for the dmsions of this composite vagus or 
Avandering ” nerve of respiration, circulation, digestion, etc. ; they 
rcju’csent morphologically a foramen lacerum piosterius, between ex- 
occipital and opisthotic centres. 12, hypoglossal, motor nerve of the 
tongue ; origin from myelencephalon ; exit by anterior condyloid 
foramen in front of the occipital condyle. Thus the plan of the 
cranial nerves of birds is nearly coincident Avith that of mammals. 

The Spinal Nerves, in pairs, corres[)ond in a general w^ay to 
the vertebne, betAveen Avhich they pass out by intervertebral foror 
mina, to suppl}^ the body at large. They are sensorimotor ; arise 
from the sjunal cord by anterior motor and posterior sensory 
(ganglionated) roots Avhich unite before leaving the spinal canal ; in 
the sacral region the main branches leave by separate foramina. 
They form jd exuses or interlacements. The principal of these is the 
brachial plexus; constituted by several loAver cervical nerves, and 
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one or two usually counted as dorsal, which combine to form a 
single cord, whence the nerves of the wing are derived. Similar 
network of three to five true sacral nerves furnishes the nerves of 
the leg. 

The Sympathetic System consists of a pair of nervous cords 
running lengthwise below the bodies of the vertebra?, one on each 
side in the trunk, and in corresponding relations with cranial bones. 
An extensive and intricate series of communications is effected with 
the nerves of the cerebrospinal system, excei)ting the siiecial-senso 
nerves of smell, sight, and hearing. Tlie points of communication 
form a chain of sympathetic ganglia ; from these knots, the most 
conspicuous features of the system, nervous cords pass to their dis- 
tribution in the motory mechanism of the heart and blood-vessels 
and other viscera. The anterior sympathetic nerves are the iridian; 
the anterior ganglia are the nRhe nopal aline or Meckeliunj intimately 
connected with cranial nerves. The system ends behind in the 
caudal region of the spine by a (jaiujUini inipar. 

Sense of Smell : Olfaction. — The sense of smell is effected by 
terminal branches of the olfactory (1st cranial) neri^e, ramifying in 
the mucous (i)ituitary or Schneiderian) meml)rane of the nasal 
cavities. Owing to the comparatively small size and little com- 
plexity of the foldings and pleatings of ])one or cartilage in the 
nasal chambers, the sensory surface ])eing correspondingly limited, 
it is not probable that birds ])osscss this sense in a high degree. 
Besides the cartilaginous or osseous sejfhiin, generally more or less 
complete in birds, there are lateral scrolls and whorls of bone in 
endless diversity in most ]jir<ls, which may be ossified, or remain 
gristly. The general cavity is mostly bounded and enclosed by the 
bony beak ; iioored by the anttjrior part of the hard p.alatc ; 
defended on each side by the descending })rong of the nasal bone ; 
in the dry skull, it either seems continuous with the great orbital 
cavity on each side behind, or is separated therefrom by lateral eth- 
moid (prefrontal) or lacrymal ossifications, or both. Outwardly the 
nasal chambers open upon the beak by the external nostrils. These 
openings are minute or quite obliterated in some Stef/anopodesj as 
pelicans and cormorants. The nasal cavities always communicate 
^vith the back part of the mouth by the j^ostcrior nares (Lat. nuris, a 
nostril) ; they are generally paired, that is, with a partition between 
them, sometimes united in one median aperture. The olfactory 
nerve, which is rather a prolongation of the rhinencephalon itself 
than an ordinary nerve, escaping from the brain-box by a special 
foramen, traversing the upper part of the intcrorbital septum in a 
groove or canal, enters the nasal cavity by a single orifice (excepting 
Apteryx and Dinornis), instead of the numerous apertures in a cribri- 
form plate by which its filaments reach their destination in mam- 
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mals. The true sensitive membrane, in which the nervous filaments 
end, is that investing ethmoidal (septal and turbinal), not maxillary 
parts. An associate structure of the olfactory organ is the nasal 
(jlandj sometimes called the supemrbital gland, from its position in 
many birds. Thus it is of great size in a loon, and lodged in a 
large deep crescentic depression on top of the skull over the orbits 
(Fig. C3, w ) ; these crescents nearly meeting each other in the middle 
line. In other birds it is smaller, and within the cavity of the 
orbit, but never in tliat of the nose itself, its secretion being 
poured into the nasal chamber l)y a special duct. 

Sense of Sight : Vision. — The eye is an exquisitely perfect 
optical instrument, like an automatic camera obscura wdiich adjusts 
its own focus, j)hotographs a picture upon its sensitised retinal 
plate, and telcgra[jhs the molecular movements of the nervous sheet 
to the optic “ twins (jf the brain, where the result is “ biogenised ” ; 
that is, translated from the physical terms of motion in matter to 
the mental tennis of consciousness. Jhit no part of the nervous 
tract, fnim the surface of the retina to the optic centre, sees or 
knows anything' about it, being simply the a])paratus through which 
the Bird looks, sees, and knows. In this class of Vertebrates, the 
optic organs, both cerebral and ocular, are of great size, [lower, and 
effect ; their vision far transcends that of man, unaided by artificial 
instruments, in scope and delicacy. The faculty of acmimodation^ 
that is, of adjusting the focus of vision, is developed to a marvellous 
degree ; rapid, almost instantaneous, clianges of the visual angle 
being required for distinct [icrceptioii of objects that must rush into 
the focal held with the velocity at least of the bird's flight. Birds 
arc therefore far-sighted or near-sighted (prcsl^yojiic or myopic) 
according to the degree of tenshoi the nerve-tide excites in the eye 
by the mechanism descrilied farther onj and the transition from 
one to the other state is effected with great quickness and correct- 
ness. Observe an eagle soaring aloft until he seems to us but a 
s[)cck in the blue expanse. He is far-sighted ; and scanning the 
earth below, descries an object much smaller than himself, which 
would be invisilile to us at that distance. He prepares to pounce 
upon his (piarry ; in the moment reijuired for the deadly plunge he 
becomes near-sighted, seizes his victim with unerring aim, and sees 
well how to complete the bloody work begun. A humming-bird 
darts so quickly that our eyes cannot follow him, yet instantaneously 
settles as light as a feather upon a tiny twig. How far off it was 
'when first perceived we do not know ; but in the intervening frac- 
tion of a second tho twig has rushed into the focus of distinct 
vision, from many yards away. A woodcock tears through the 
thickest cover as if it were clear space, avoiding every obstacle. 
The only tilings to the accurate perception of which birds’ eyes 
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appear not to have accommodated themselves are telegraph-wires 
and lighthouses ; thousands of birds are annually hurled against 
these objects to their destruction. 

The orbital cavity^ orbit, or socket of the eye, has been almost 
sufficiently described (see also any Figs, of skull in profile) as that 
great recess in the side of the skull which is bounded above by the 
roofing frontal bone, behind by this and sphenoidal elements, in 
front, if at all, by lateral ethmoidal elements (prefrontal), and 
separated from its fellow more or less completely by tlie inter- 
orbital septum, which is chieHy tlu; perpendicular plate of the 
inescthmoid, but may be also in part orbitosphenoidal and pre- 
sphenoidal. The brim is completed in few bii-ds, by union of lacry- 
mal and postfrontal ; in (piite a number of birds, however, it is 
nearly perfected by the ajiproximation of these same bones, as in 
Fig. 6d, a and ;y?, and in some the rim is carried out b}' e.xtra suimi- 
orbital and infraorbital ossification. There is no bony floor, or 
only such slight scaffolding as the c.xpansion of the palatine and 
pterygoid may afford. The zA'goina itself, in many dry skulls, 
scorns like the threshold of the orbital chamber, il'he bony walls 
may be also defective in some plac(*s by groat vacuities in the inter- 
orbital septum (Fig. 70, /e/’ and Fig. G‘b and others in the c(‘r(*l)i’al 
wall, aside from the regular foramina which the nerves ]>ass through. 
The 1st — Gth nerves (p. 2G1) inclusive usually enter the orbit : of 
their foramina, the (Figs. GG, GS, 70, 71, “, and Fig. G.‘3, y) 

is much the largest and most constant, generally blended with its 
fellow. Those for nerves 1 and 5 (p. 2G1) are in‘xt most obvious and 
constant; others are often, and all may 1)0, throAvn into one large 
opening. In such a socket as this the eyeball rests uj)on a cushion 
of muscle, fat, gland, and connective tissue; and large as is the 
chamber, the ball fits and yearly fills it. A bird's eyeball is much 
larger tlian the opening of the eyelids (see p. 1 .0, note .*3). 

As to its development: “the /w/c," sa3's Huxley, “is formed by 
the coalescence of two sets of structures, one furnished by an involu- 
tion of the integument, the other by an outgrowth of the brain. 
The opening of the tcgunientary depression, wliich is primarily [in 
the very early embryo] formed on each side of the head in the 
ocular region, becomes closed, and a shut sac is the result. The 
outer wall of this sac becomes the transparent cornm of the eye ; 
the epidermis of its floor thickens, and is metamorphosed into the 
crystalline lens ; the cavit}" fills with the aqueous hunour, A vascular 
and muscular ingrowth taking place round the circumference of the 
sac, and dividing its cavity into two segments, gives rise to the iris. 
The integument around the cornea, growing out into a fold above 
and below, results in the formation of the eyelids, and the segrega- 
tion of the integument which they enclose, as the soft tfnd vascular 



266 


GENERAL ORNITHOLOGY 


PART II 


conjunctiva. The pouch of the conjunctiva very generally communi- 
cates, hy the lacryrnal duct, with the cavity of the nose. It may be 
raised, on its inner side, into a broad fold, the nictitating memh'anc, 
moved by a proper muscle or muscles. Special glands — the lacryrnal 
externally, and the J larder ian on the inner side of the eyeball — may 
be developed in connection with, and pour their secretion on to, the 
conjunctival mucous membrane. The posterior chamber of the eye 
has a totally distinct origin. Very early that part of the anterior 
cerebral vesicle, which eventually becomes the vesicle of the third 
ventricle, throws out ii diverticulum, broad at its outer, narrow at 
its inner end, which applies itself to the base of the tegumentary 
sac. The posterior, or outer, wall of the diverticulum then becomes, 
as it were, thrust in, and forced towards the opposite wall by an 
ingrowth of the adjacent connective tissue ; so that the primitive 
cavity of the diverticulum, which, of course, communicates freely 
with that of the anterior cerebral vesicle, is obliterated. The broad 
end of the diverticulum accpiiring a spheroidal shape, while its 
pculicle narrows and elongates, the latter becomes the optic nerve, 
Avhilo tin; foriftcr, surrounding itself with a strong fibrous sclerotic 
coat, remains as the posterior chamber of the eye. The double 
envelope, resulting from the folding of the wall of the cerebral optic 
vesicb* upon itself, gives rise to the retina and the choroid coat, the 
plug or ingrowth of connective tissue gelatinises and passes into the 
vitreous humour, the chdt by which it entered becoming obliterated.’^ 
{Anat. VerL, 1871, p. 79.) 

Birds alone, of all animate beings, may bo truly said to “ fall 
asleep ” in death. When the “ silver cord ” of a bird’s life is loosed, 
the “ windows of the soul ” Jirc gently closed by unseen hands, that 
the mysterious rites of divorce of spirit from matter may not be 
profaned. When man or any mammal expires, the eyes remain 
Avidc open and their stony stare is the sign of dissolution. Only 
birds close their eyes in dying. At the same moment, the eye 
sinks and seems to collapse, by the ebbing of its waters. The 
closure is chiefly effected by the uprising of the lower lid. These 
arc the principal external differences between the eyes of birds and 
mammals. The movements of the upper lid in most birds are much 
more restricted than those of the lower. The few exceptions are 
chiefly furnished by night birds, as owls, whip-poor-wills, and others 
of their respective tribes. The lids consist externally of common 
skin, internally of a layer of conjunctival (joining) mucous membrnne, 
with interposed connective tissue : the lower is also stiffened with 
a smooth ])late, the tarsal cartilage. The upper is raised by a small 
muscle, called from its office levator palpebrce suj>erufris, arising from 
the bony orbit. There is no special lowering nor lifting muscle of 
the under Ud ; the lids close together by the action of the orbicularis 
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ocidiy which nearly surrounds the eye, and whose chief office is to 
lift the lower lid ; the latter has a small distinct depressor muscle. 
Birds have no true hairs, but in some kinds modified filiform feathers 
answer to eyelashes. When wide open the orifice of the lids is 
circular, that is, without the inner and outer corners (ranfhi) of 
almond-eyed creatures like man. There is a third inner eyelid, 
highly developed and of beautiful mechanism : this is the nictitating 
membrane, or “winker” (nictito, I wink), a delicate, elastic, trans- 
lucent, pearly-white fold of the conjunctiva. AVhile the other lids 
move vertically and 
have a horizontal com- 
missure, the winker 
sweeps horizontally or 
obliquely across the ball, 
from the side next the 
beak to the oppo.sito. 

If we menace a bird’s 
eye with the finger, it 
is curious to see the 
winker rush out of the 
corner to protect the 
ball. Owls habitually sit 
ill the daytime Avith this 
curtain shading the eyes 
from the glare of light ; 
and doubtless the eagle 
throws the same screen 
over its sight Avhen soar- 
ing tOAVards tlic sun. ryt-lall, st tMi from Sliowin}:; 

, tlirt muscles: (I, rectus .superior; /(, rcctu.s extcriius; r, 
\V lien not in action, the rectus lufenor; »/, rectus iutcru us; e, ohlirpius superior; 
winWr Pnrl/^rl iin in 1^‘tterc.l), ..Miquus inferior; ;/, quadratus ; h, jiyni- 

AVIUKCI lies CUIltU up in ||ii<lali.s, with its tendon, k, passing; t}iroti;.,di a pulley in 
the corner of the eve 'ina'natus (:i.s shown hy the, dotted line) t<j keej* it off 

• 1 *^ ” nerve, (, tlu-n pasaiii}; arfjiiud the edge of the 

like those patent AVindoW bail to its insertion in the nictiUiting membrane. 

shades which stay up of 

themselves till pulled doAvn. The ingenious mechanism of the 
movement of the Avinker across the lid may be understood Avith the 
help of Fig. 81, Avhich represents the luck of the eyeball. The 
Avinker lies in front, on the left hand of the picture, and is to be 
pulled across the front by the slender tendon, /:, of the pyramidalis 
muscle, h. As h contracts it pulls on A*, and k, winding round to 
the front, pulls the Avinker to the right hand. But i is the 
optic nerve, entering the ball ; k Avould press upon it, were it 
not fended off by passing, as seen by the dotted line, through a 
pulley in the end of the qiuidratus muscle, g. The harder h pulls, 
the harder does g also pull, their consentaneous action at once 
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giving the proper direction to the tendon A*, and keeping it off the 
nerve. 

Beneath the eyelids, upon the ball, is a delicate filmy membrane 
not easily recognised on ordinary inspection ; this is the conjunctiva^ 
so called ])ecause it joins the eye to the lids. The ocular layer is 
transparent where it passes over the cornea : it is then reflected 
away from the ball, to form the palpchral layer, — a folding between 
being the nictitating membrane. The conjunctiva is highly vascular, 
but the blood-vessels are too small to be seen unless they become 
congested, when the eye presents the well-known appearance called 
“ blood shot.’’ Tlujugh birds can hardly be said to cry, they have a 
well-developed apt)aratus for the. manufacture of tears. The lacrymal 
are two small glands lying one in each corner of the eye, inner and 
outer. The former, called the Ilardcrian gland, is the smaller, deeply 
seated behind the winker, u[)on which it pours a glairy fluid : it is 
an oil-can which not oidy .supplies but ap})lies the fluid to the 
winker, which need.s constant lubricating to work well.’ The lac- 
rymal gland [)roper i.s the outer one, which prepares the tears to 
moisten and cleMisc the conjunctiva; after which they are drained 
off by the lacrymal duct into the cavity of the nose, which thus 
becomes a sort of c<'sspool to receive the refuse waters of the eye. 
A third gland about the orbit has been already mentioned (p. 2G4) 
as pertaining to the nose, not to the eye. Its site is shown in the 
crescentic superorbital depression. Fig. G3, w. 

The motions of the eyeball, though nion* restricted than in 
mammals, owing to the shape of the ball and its close socketing, 
are nevertheless subserved by the usual nundDer of sir muscles. Of 
these four are called the m7/, or straight muscles, and two the 
ohliqui, or ol)li<|ue muscles; though they are all “straight” enough, 
the tei’iiis applying to their lines of traction. The four recti arise 
from the bony orhit, near together, about the oi)tic foramen, and 
[)ass to bo iiiscrti'd in the eyeball at as many nearly ecpiidistant 
points on its (drcumfcrimce ; the musculus rectus superior , Fig. 81, a, 
on top; tn. r. inferior, r, below, antagonising n ; the vi. r. erf emus, 
b, and intern us, d, res])ectively to the outer and inner (hindward 
and forward) side.s, also antagonising each other. The two oblique 
muscles arise farther forward in the bt)ny orbit, near each other, 
and then diverge obli(piely upward, m. o, superior, e, and downward, 
m. 0 . inferior, f, to he insertc<l near the margin of the globe of the 
eye, close by the respective insertions of superior and inferior rectus. 
All the motions of the ball result from consentaneous or dissen- 
taneous action along these six lines of traction ; the muscles acting 
as ropes to pull the ball about, and to steady it in any direction 
of its axis. The peculiarity of mechanism in a bird is, that the 
superior obliliue goes straight to its insertion, instead of passing 
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through a pulley which changes its line of traction in mammals. 
The special nerves presiding over these muscles (3, 4, G) have been 
pointed out already (p. 261). In the figure, the cut orbital ends of 
them all are reflected away from the ball to disclose the underlying 
muscles of the winker: the reader must mentally bring the six 
loose ends together and fasten them to the bony orbit at points 
near about opposite i, as above said of their origins. 

The above are the i)rincipal circumstances and accessories of the 
optic apparatus ; wc may now examine the eye itself, of which Fig. 
82 gives an enlarged view, in longitudinal vertical section, — the 



Fio. 82. — Vfrliral aiitcro-imstfrior srclimi <>f nptic imtvc ; h, selenitic, its outer 

coat ; e, sclerotic, its miiMlc ami iimir coats ; clioroiil ; c, hyaloiil ; /, iiiarsujiium ; conioa ; 
h, h, bony plates between .sclerotic layers; /, /, corrugations of ehomiil, forniin;' ciliary ]iro. 
ee.sse.s ; k, canal of Petit; I, I, iris ; vi, anterior chanibcr of e,ye ; h, capsule of the lens ; o, 
lens ; posterior chamber of eye, Xeithcr the n-tina, nor the jieculiar sheathin;' of the ojitic! 
nerve, is .shown. The nerve, mansiipiiini, ami ciliary proee.sses, not falling in this .section, can 
only be arbitrarily .shown. 


nerve, marsii])ium, and ciliary proee.sses not indeed lying as shown 
in this section, but so introduced as to display them intelligibly. 
A bird’s eyeball is not nearly so spherical or globular as a mam- 
mal’s. The globe of the human eye is about a five-sixths segment 
of a large sphere (sclerotic) with a one-sixth segment of a smaller 
sphere protruding in front (corneal). The anterior part of the 
sclerotic of a bird is so prolonged as to be in some cases almost 
tubular or cylindric, and the corneal protuberance is very convex : 
the figure may be likened to an acorn which has a short blunt 
kernel in a heavy shallow cup, or to a thick old-fashioned watch 
with a very convex crystal. This characteristic shape is "fairly shown 
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in the figure ; but some birds* eyes are much more tubular in front, 
— owls’, for example. The eyeball being hollow and filled with 
fluids which press in all directions, it is hard to see at first how 
such a peculiar shape is maintained. But the sclerotic coat is very 
dense, almost gristly in some cases; and it is reinforced by a circlet 
of the scleroldlsj A, h ; sec also Fig. 62, where the circlet is 

shown. These are packed alongside each other all around the cir- 
curnterence of one part of the sclerotic, like a set of splints. The 
large discoidal segiinuit of a bird’s eye is mostly composed of the 
membrane called from its hardness the sclerotic^ — thick, tough, and 
strong, of a glistening livid colour. Three sclerotic coats or layers 
may be (hunonstrated by careful dissection ; in the figure b is the 
outer, c the combined middle and inner ones, — much exaggerated 
as to their distinctness. Tin; bony platt‘s lie between the outer and 
middle coats anterior to the greatest girth of the eyeball, extending 
from the rim of the disk nearly or (piite to the edge of the cornea. 
They are a dozen to twenty in number, of oblong squarish shape, 
tapering toward the corm‘a, arouml which they arc thus circularly 
disposed ; they v.rc pretty closely bound together, but the circlet as 
a Avholc enjoys some little motion back and forward with the vary- 
ing convexity of the corihut, g. This last is the thin transparent 
membrane completing the eyeliall in front, like the crystal over 
the face of a watch. It is very protuberant in Ifirds, — even a 
hemisphere, or almost tubular. Its structure is not peculiar in 
birds ; but it is remarkable^ in this class of creatures not only for 
its convexity, but for the wide range of the variability in convexity 
which increased or diminished pre.ssure of the contained humours 
may efhud, and its collapse in death. 

The sclerotic coat is lined with the choroid wendtrane, d, loosely 
wovtMi of cellular tissue, replete with jdood-vesscls, and painted 
pitch-black with a heavy deposit of pigment-cells. It lines the 
whole globe as far foiavard as the edge of the sclerotal bones, where 
it splits in two layers. The inner choroid layer turns away from 
the wall of the eye, toward the interior, and in so reflecting becomes 
plaited, as a bag is puckered by pulling the strings. These pleats 
converge upon the rim of the delicate capsule enclosing the lens of 
the eye, /q and then^ adhere, forming the ciliarn jnvccsscs, i, i The 
outer layer also starts away from the circumference of the sclerotic 
wall, as if to pass ilirectly across the cavity, but ends in the iris. 
Around the circumference of the iris, where sclerotic, corneal, and 
choroid coats come together, is a circular band of fibres, the ciliary 
ligament ; and on the outer surface of the choroid is a similar band 
of circular and radiating contractile fibres, the ciliary muscle. These 
ciliary structures are supposed to be the agents of the accommodat- 
ing faculty 6i the eye, acting upon the lens to alter its shape or its 
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position, or both. This is a difficult matter to settle, when such 
delicate structures are in question. 

The iris, I, I, or rainbow of the eye, is an exquisite structure 
hanging like a many-coloured curtain vertically between the two 
compartments of tlie eye ; a highly ornamental framework of the 
eye’s window, being both sash and blind to the pupil. It is sus- 
pended vertically in the aqueous humour, just in front of the lens. 
Viewed in front, from the outside, the iris appears as a coloured 
circular band around the pupil, and seems to come to the surface of 
the eye. But this is not so, for the conjunctiva, the cornea, and 
the aqueous humour of the front chamber of the eye, are between 
us and it. It may be likened to the dial-plate of a watch, which we 
look at without noticing the interposed crystal. Similarly, the quqnl 
of the eye, which shows us our own rcHection, diminished to the 
size of the “ eye-baby,” may be likened to the round central hole in 
the dial-plate through which ju'otrudes the shaft that )>ears the 
hands of a watch. The “pupil” is the round black spot within 
the coloured rim of the iris ; but it is not a thing — it is a hole in a 
thing — the hole in the iris through which we may h;4>k and see the 
black choroid coat behind. The <piivering iris is very similar in 
texture to the choroid, being a delicate tissues of interlacing fibres 
and vessels ; but it is highly molnlised ])y circular and radiating sets 
of contractile fibres, by which the curtain is tightened and loosene<l, 
with corresponding change in the size of the central orifice — the 
pupil. Altliough the iridian movements are largely automatic, 
depending upon the stimulus of light, they are to some e.Ytent 
voluntary, as any one may .sati.sfy himself who observes owls in con- 
finement. During these exj)ansions and contractions of the iris the 
pupil in birds preserves its circularity ; and even wlien the move- 
ment is frct!st and most vol,iintary, as in owls, the contracted pupil 
never appears as a vertical oval figure, or a slit, like that of cats. 
The round pupil of the great horne<l owl, Jiuho rin/iniattus^ ranges 
from the diameter of a finger-ring down to that of a small s])lit- 
pea. The iridian colours are often striking in birds. Though 
black and brown are the commom'st, yellow is quite fre(juent, red 
is often seen, blue and green are rarer ; the eyes of cormorants 
are of the latter colour. The iris is sometimes ])ure white, as it is 
in the white-eyed greenlet, Vireo noveboraef nsis. In the Californian 
woodpecker, Mdanerpes formiciwrus, the eyes are indillercntly (or 
at different ages of the bird, or seasons) brown, bluish, pink, rosy, 
or yellow. 

The crifstalline lens, 0, is a transparent biconvex disk like a com- 
mon magnifying glass, apparently set in the iris like a mirror in its 
frame, but really hanging a little back of that structure. It is 
enclosed in a capsular membrane, n, of extreme delicacy and trans- 
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parency, which is in turn set between two layers of the hyaloid 
membrane to be presently noticed. Where these layers of hyaloid 
separate around the rim of the capsule to form the investment, a 
small space is left between them ; this circular tube around the lens 
is the canal of Pdit^ /:, k. The lens is stationed in the axis of 
vision ; some suppose it to be equally stationary in any transverse 
axis. It is, however, difficult to understand how an object thus 
suspended in fluctuating humours should be insusceptible of some 
motion backward f)r forward as well as of alteration in its degree of 
convexity ; both of which may be factors in the focusing process. 
From what has preced(Ml, it is evident that the cavity of the eye is 
divided into anterior and posterior compartments, or chambers, by 
the reflection, from the sclerotic wall, of the choroid, hyaloid, and 
iridian structures, which with the lens form a vertical partition. 
Each chamber is filled with a fluid of different density and con- 
sistence. That in the anterior or corneal chamber is thin and 
watery, and therefore called the aqneom Jmrnovr; that in the sclerotic 
cavity is more dense and glassy, and for this reason known as the 
riirnnis hmioni^ There is much less aqueous than vitreous; but 
birds have com[)aratively more of the former than usual, owing to 
the relatively greater siz<* and convexity of the cornea. The waters 
are enclosed in cxc(‘cdingly delicate membranes ; the vitreous in the 
hjnhivl mcinlmtuc, c, which, besides lining the ])Osterior chamber and 
enclosing the lens as already said, sends thin partitions all through 
the vitr«‘Ous humour to steady these glassy waters. 

The optic nerre, e, of Inrds is peculiar. In mammals, as a rule, 
the nerve is a smooth cylinder, proceeding straight to the sclerotic, 
penetrating the coats of the eyeball directly, near the middle point 
behind, and then spreading out on the inside of the ball as a large 
circular concave mirror. This thin, saucer-like expansion of nerve- 
tissue is the retina. In birds the optic nerve is a fluted column, 
which a])])ro:u!hes the eyeball quite obliipiely, strikes it at a point 
eccentric from the axis of the eye, and does not at once pierce the 
sclerotic. Ta])cring to a fine point, and running still obliquely, 
downward and forward, in a deep groove in the sclerotic that would 
be a tube were it not split, and through a similar slit in the choroid, 
a fluting of the nerve rises to attain the cavity of the eye, and the 
retina spreads out from the sides and end of this fold. But the 
prime peculiarity of a bird’s eye is the “ pimse ” or “ comb,” 7nar- 
supinw, pecten, f ; a very vascular structure, like the choroid, and 
likewise painted black ; apparently erectile,” that is, capable of 
increasing and diminishing in size by influx and efflux of blood. It 
is attached behind to the nervous structure ; is suspended in the 
vitreous humour, and runs forward obliquely a part or the whole of 
the way to Ihe lens, to the envelope of which it may be attached in 
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some cases. Its ofiicc is not fully determineil. Its great resem- 
blance to the choroid proper suggests a similar function in the 
absorption of light. If it be turgid and flaccid by turns it must 
occupy a variable space in the vitreous humour, and in the former 
state press the waters upon tln^ most yielding part of their walls, — 
that where the lens is situatevl, even to the extent of altering the 
position of the latter ; and if so, of changing the focus of the eye. It 
is difficult to account for the bird’s eyes’ powers of accommodation 
by the action of the ciliary muscle in only changing the ^hape of the 
lens, thus throAving out of account as impossible any change in the 
position of that refracting medium, or of the density of the refracting 
humours, or of the convexity of the cornea, ’the peculiar course 
of the optic nerve may be sim})ly an anatomical convenience', or may 
haA^e something to do with a bird’s ability to see straight ahead 
though its eyes bo laterally positiom'd. (See Am. Kal. ii. ISbS, ]>. 
078 ; Pi\ llosf. Sor. Nut. llisf. xii. A]>r. 21, ISll!).) 

Sense of Hearing : Audition.- -This is enjoyed to a high degree 
by the “musical class” of the rtrirl/nifa , — birds ])eing tin; only 
animals besides man Avhosi', emotions are hab’Mially ai’oiiscal, 
stimulated, and to some extent controlled, b}' tin* ap[)r(‘ciatioii of 
harmonic vibrations of tlu' atmosphere. Most l)irds express their 
sexual passions in song, sometimes of the most ravishing (piality to 
our oars, as that of the nightingale or the bluebird, and it cannot 
])e supposed that they tliemselvi's do not ex])erieiice. tlu^ ellect of 
music in an eminent degree of ])leasura.ble perturbations. Other- 
Avisc they Avould coast* to sing. The capability of musical expression 
resides chiefly in the more s[)ii'itualiMid male sex ; the lecoptive 
capacity of musical ailections is better tlevcloped in the hmiale, who 
chiefly furnishes the i)lastic material which is to be mouhh'd into 
the physical manifestation of the male piincii)le. (Quickness of ear 
is extraordinary in such births as those of the gtaius Tl/h/o/s, Avhich 
correctly render any nt)tcs tht‘y may chance to hear Avith greater 
readiness and accuracy than is usually Avithin human possibility. It 
may be reasonably doubted that any others than some of tlui Avorltl’s 
greatest musical composers have a higher ex[)erience in acoustic 
possibilities than many birds. IJirds’ <*ars have nevertheless a. com- 
paratively simple anatoinical structure, on the Avht)le much more like 
that of reptiles than of mammals. Such simplicity is seen in the 
ligulate or strai)-shaped cochlea, the essential organ of hearing, Figs. 
84, 85, 80, 87, as compared Avith the lielicoid curvation of the 
mammalian cochlea. Tin? openne.ss of the ear -parts Avhich lie 
outside the tympanum is .seen in Fig. 02, at the place Avhere tlie 
reference-lines “ear-cells” reach the skull ; and especially in Fig. 71, 
Avherc the stapes, st, is seen lying in the ear-cavity, the tjmipaiium 
having been removed. 


T 
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There is ordinarily no external ear, in the sense of a fleshy 
conch or auricle, though owls at least have a considerable flap which 
overlies the auditory aperture. The place of an auricle is filled by 
a set of peculiarly modified feathers surrounding and overlying the 
ear-oj)ening, called in ornithology the ear- coverts, or aaricxdors 
(Fig. 25, '"*). The outer car or ny'ains (uidifonus ejAernu.^ is a con- 
sidcirable shallow roundish depression in the skull, at the extreme 
lower lateral corner. Its ordinary boundaries arc the movably 
articulated ([uadrate bone in front, the expanded rim of the squa- 
mosal above, the tymjianie wing of the cxoccijiital behind and below ; 
the tei’mi nation of the basitemporal also usually contributing to the 
under boundary. (See Fig. 71, at st ; G5, under I ; Fig. 62, where 
reft^rciiice lines “bones of ear-cell” go.) On removing the quadrate 
from the dry skull the general tym])anic depression is seen to be 
rnoHi or less continuous with the alisphenoid ; the boundary is best 
mnrked beliind and below by the broad thin sharp-edged shell of 
the tympanic wing of the (;xoccipital. To the brim indicated is 
attJiched the or drum of the ear — that membrane being, 

from tlie configuration of tlic parts, quite superficial, — not at the 
bottom of a tube-like meatus, as in man. Tln^ membrane proper is 
invested externally ])y modified common integument which readily 
j)eels off. 'riius this wide shallotv depression overlaid Avith feathers 
or a slight flap is all there is to represent the “outer ear-j)assage.” 
The tympanic nuunbrane sometimes develops slight ossification, 
which then represemts the “tympanic bone,” or “external auditory 
process” of human anatomy. Did not this membrane occlude the 
way, the passage through the ear to the mouth Avould be pervious. 
This jiassage is the modified persistence of the Jlr4 visa ml deft oy 
“gill-slit” of tlie embryo. «Iust within the tympanic membrane is 
the auitji of the fjpii/Kiunuh or middle mr,^^Avhich may be very exten- 
sively exposed by merely removing the membrane. Looking into 
this cavity, as may readily ])e done from the outside, in carefully 
ch‘aued dry skulls, many objects of interest are presented ; among 
them, a numlier of foramina — openings leading in various directions. 
In the first place there are some (inconstant and not readily iden- 
tifi(ul) holes, which ar<' pueunudie openings, conveying air from the 
middle car-[)assagc to the interior of bones of the skull and lower 
jaw. Next is observed a large orifice in the lower anterior part of 
the cavity, — the mouth of the Eudaddon tube. This tube continues 
the car-passage to the mouth, and opens at the back of the hard 
palate by a median orifice in common Avith its fellow. In clean 
skulls of any size a bristle, or CA’cn a Avooden toothpick, Avill pass 
through the Eustachian tube, and appear upon the floor of the skull 
in mid-line or nearly there, under the basisphenoid, over the basi- 
temporal. ‘ The foregoing passages have not conducted us to the 



siic. IV 


ANATCmV OF JUFPS 


5 


imi'!' ear or proper acoustic cavity. There will he ohstu-ved, in the 
side-wall of the tympanic cavity, two definite openin<;s near the 
Eustachian orifice. One of these, anterior and su])erior to the other, 
larger usually, and oval, is the fenoMm orall'i : it lies in the ob- 
literated suture between the proiitic and opisthotic l)ones ; and wlien 
the membranous curtain which closes it in life is gone, you look 
through this “oval window” into the resfihular nn'iff/ o{' the ear 
proper. The lower, posterior, circular orifice is the feneAra. roinnJa ; 
through which round window in the opisthotic hone you loc)k into 
the rochlear catiUj of the ear proper. Ftaiestra ovalis and f. rotunda 
are generally close together, — only divided by a little bridge of 


bone, or a mere bony bar. To the circnmtVnwice 
of the fenestra ovalis is fitted the expanded oval 
foot of the trumpet-shaiied colntnella. aarlr ^ — tluj 
AapeSy or “stirrup bone,” as it is called in mammals 
(Fig. 83, .4), This is an elegant little bom*, which 
establishes mechanical connection between the 
membrane closing the fenestra ovalis and the 
tympanic immibrane, — something on the [>rinci}>le 
of the “sounding-post” inside a violin. It is 
shown magnified greatly in its embryonic condition 
in Fig. G7, and there seems to be primitively and 



morphologically the proximal connection of tlni ^ 

hijtdd hone (by ccratohyal elements) with tin* bony iiitoui''/! 

capsule of the ear; hut no trace of this relation li 


])ersists. Fig. 83 shows the mature stapes of a 
fowl, and indicates its several elements which have 
received special names. In skulls prei)ared with 
sufficient care, the stapes may be seen In >////, as 
in Fig. 71, s/, — an extreim;ly <lelicate rod, str])ped 
into the fenestra ovalis by its foot, the other end 
protruding freely, and bearing in many cases its 
hammer-like or claw-like stapedial elements. A 


HV.ili.s; ni.-iiti hhiitt, 
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aii'l its riiila yi iiiu; loi - 
iiiaLinii, I’'i^'. *;7.) 


stapes I have just picked out of an eagle’s ear is a fourth 
of an inch long, with a stout foot, but a stem as fine as a 
thread of sewing silk, and at the tympanic end a still finer 
hair-like process, half as long as the main stem, from which 
it stands out at a right angle. The r)ssification is perfect, and there 
appears to have been another similar process Avhich has l)roken off 
from the cross-like figure shown in Fig. 71, sf. In a raven’s skull 
before me the stapes has fallen into the fenestra ovalis, and lies 
there with its head sticking out. Though perfectly loose, I cannot 
withdraw it intact, as the expanded foot fits the hole too closely to 
pass through in any position I have succeeded in placing it. It 
appears to be about as large as the eagle’s. Close examination at a 
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point sornewhore about tho fenestra oval is, or Ijetween that and the 
Kustachian orifice, v/ill discover a minute foramen corresponding 
to the stylomastoid foramen of mammals. It transmits cranial 
nerve 7 (sec j). 202), or the fadnl uern'^ which has burrowed through 
» the bony acoustic capsule from the brain-cavity and entered the 
tymi>aiiic cavity on its way to the surface. There are sometimes 
iu:<) such minute ibramiua, close together, Ijoth conducting to tlui 
brain cavity (neither in common with the internal auditory meatus) ; 
as in the (?aghi, in which large, l»ird a fine In istlc just passes through 
each. Thus in tlie dry skull of a bird all the hard parts of the 
middle ear or tyni|)anic cavity, as well as the Kustachian tube, can 
rifadily be ins])e(:t(“(l from the outside; (^veii the limits of the 
opisthotic and [)ro<»tic bones can Im determined to some extent, and 
tlu^ os.drnlum (uidilfis ])e S(!en /// sifn. 'I’liere will also be noted, in 
most birds, tlu^ articular fac(;t upon the ])ro(>tic bone for the inner 
head of the <jua<lrate, as well as u[)on the s<juam()sal for the outer 
head of the (piadrate ; however these may shift in position, in 
different birds, tliey cannot (‘asily l)e overlooked or mistaken. 
Details of iiieiV; siz(^ and coniiguration aside*, the above general 
descri[»tion will ap[ily [)i<‘tty well to any 'oil’d, and should suflice 
for tlu5 ideiil ilicatioii of the* objects seen on looking into the ear, 
(hough th(‘ number and vai’iety of the irregular fHH'ftmittic openings 
may bi*. puzzling at tirs(. To see these things clearly in a )i}miiinffrs 
ear would reepiire s[)ecial preparation of the parts, as they lie inside 
a tympanum which is itself at the bottom of a contracted tube. In 
such ail (‘ai’, projierly laid open, would be found a chain of //o’rc 
ossicles crossing the lym[)anic cavity from th»*. inner surface of the 
tymjianic membrane to the opposite surface of the membrane closing 
the lenestra, ovalis — the hkiIIck.^^ i/ni/s, nud or “hammer,’' 

“anvil,” and “stirrup” ; and the luttov would be stirrup-shaped, 
not trumjiet-like with a cro.ss bar at the mouthpiece. Some mam- 
mals would also show a hyohl bone which would have what are 
tin? ceratohyals of a bird produceil up toward the ear-parts, and 
continued to thcsi* by a bone called sfffloJtfinly or “styloid process of 
the teiujioral ” ; and any mammars jaw would articulate directly 
with the s((uaniosal, — tin* chain of thri‘e ossicles being entirely inside 
the ear. As to com])aring the parts now : the mammalian stapes is 
the stapes or columella of a bird, — its stem and foot at least ; the 
incus of a mammal is represented by one of the claws of the cross- 
bar of a bird’s stapes (the s^/y^/ustapedial element ; Kig. 83, ss/) ; the 
malleus of a mammal is the great » piadrate bone of a bird; the 
stylohyal of a. mammal is not fairly developed in a bird, unless con- 
tained in or rejiresented by another claw of the stapes (an infra- 
stapodial element, />/) ; and in these facts is the reason why a bird's 
lower jaw isi articulated indirectly to the skull by means of the 
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quadrate, and also wh}^ a liird’s hyoid hone is not articulated or in 
any way directly connected with the skull — excepting when, as in 
a woodpecker, elongated branchial elements of the hyoid bone take 
on such office hy curling over the cranium (Figs. 73, 74). 

Section of the hone is required for further exmuination of the 
ear-parts. On longitudinally bisecting the skull, or otherwise gain- 
ing access to the brain-cavity, the internal surface of the pcrinfic hone 
is brought into view (Fig. 70, 7 >/>, oyj, cp). It is the .same hone we 
have seen in the tympanic cavity, now viewed upon its cerebral 
surface. In a skull of any size, as that of the eagle before me 
(from which the rest of my description will l)e taken), tlnu’e is no 
difficulty in making out the parts, although the jieriphery of the 
periotic bone is completely consolidated with its surroundings. 
The periotic oi* peirnsal (Lat. pctro.<a.<. stony — from its hardness), oi* 
“ petrous part of the temporal,” is tin* bony c;q).sule of the inner ear, 
enclosing the lahip riitli or es.scntial organ of licaring, — in fact, it is 
the skull of the ear, sometimes therefore calhal the oiocranc — just as 
(ithmoidal ]>arts form the “.skull of the nose,” and the .sdei’otal 
bones represent a “.skull of the eye.” Tin* ])eriotjf* consists of tlie 
three bones already often mentioned, — the /;/vW/V, pn, cpioficj cp^ 
and (ipififhodr, ey/, or anterior, .superior, and iiosterior otocranial 
bone.s, completely con.solidate<l together, as well as with surround- 
ing bones. Idie pctro.sal ajipears as an iri’cgulai’ protubei'ance in 
the inner wall of the brain-cavity, at the hovc'r back ])ait. It .seiuns 
to be more extensive than it really is, because the great superior 
semicircular canal, too ]arg(5 to be entirely accommodatt‘d in the 
petrosal, has invaded the oceijutal bone, — th(j track of its bed in 
that bone being scul[)tured in bas-reli(*f (Fig. 70, esc). Fxdiind this 
.semicircular trace, the deep groove of a venous sinus is cngi‘ave<l in 
the bone, making the tract of the canal still more ])rominent (Fig. 
70,' .sc). The top of the petrosal and contiguous occi]»ital is the 
floor of a recess or in which is lodged the great oj)tic lolxj 

of the brain, partly divided tivmi the gmieral cavity for the cere- 
bral hemisphere l)y a bony tentorium, like- that which in mammals 
separates the cerebellar from the cci ebral fossae On the V(U‘tical face 
of the petrosal, or on the cf)rre.sponding o<*<;ipital surface, is a large 
smooth-lipped oritice, at least of an incii in longj^st diameter ; it 
leads to a tongue-like excavation of th(5 bone, in which the JJnrcn/a.s 
of the cerebellum is lodged. In front, between the jxjtro.sal and 
alisphenoid (or in the conjoined border of one or tin* other of these 
hones) is a considerable foramen, conducting the secf)nd and third 
divisions of cranial nerve o (.see p. 261 ; Figs. 70, 71, into the 
orbit. Below the petrosal (in fact, between thci {q)i.sthotic and the 
exoccipital), near the border of the foramen magnum, is a foramen 
(which may be subdivided into foramina), representing the foramen. 
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l(tcmo/h postnins of mammals, transmitting cranial nerves 9, 10, 11 
(se{3 p. 202 ; Fig. 70, '^). The general space under description is 
continued to the margin of the foramen magnum by the exoccipital 
(Fig. 70, ('o). Now on the vertical facijof the petrosal itself — behind 
foramen for 5, abovi; that for 9, 10, 11, in front of the large floccular 
orifice, will be seen a smooth-lipjied depression, the nicdtas LnuUtorlum 
iiderum (Fig. 70, ”), at the bottom of which are at least tivo separate 
small foraiiiimi. A bristle passed in the up{)er (or anterior) one of 
these two holes ciiiergijs outside the skull, in tin; tympanic cavity, 
near the tympanic end of the Eustachian tube ; it has traversed the 
interior of the petrosal, in a track known as the Fallopian 'Jirrriditd ; 
it transmits cranial nerve 7 — the farial^ or pnrfio dara. A bristle 
passe<l into the otlicr of tlie two foramina ni:iy also be made to 
come out in the tympanic cavity, but by a dilferent track, for it 
emerges through m'tlier the fenestra ovalis or the fenestra rotunda; 
it has traced the coursi^ of cranial ikutc <S, — tlie anddoru or 

]K)rfio aiollis. I loth bristles have entered the common internal 
auditory meatus, but the s(‘cond one has traversed the ear-cavity 
proper, through'*th(i hda/riidh of the (‘ar, and come out at the tym- 
])iiuic reddadar orifice (fenestra ovalis), or at tlui tympanic corhlrar 
orifice (fenestra rotunda). Either passage is easily made, without 
lireaking down or indeed meeting with any bony obstacle, which 
would not be the case with a mammal, (.'ranial nerves 7 and S 
were Ibrnierly counted as one (seventh) ; hence the WAma podia dura 
“ liard portion ”) for the former, and podia vtollis (“ soft iioftion ”) for 
the. lattm*. The former, as said, travm'ses the [letrosal bone and 
escajies upon the face; the latter, Avhich is the true acoustic nerve, 
or nerve of hearing, remains in the bone, being ('xpended upon the 
labyrinthine structures within — the irdihah\ ,'iriaicirndar rauals, and 
coddcif, which constitute the walls of the cavities in which the essen- 
tial organ of hearing is snugly encased. 

If now, with a very iiiu* saw — the saws now so much used for 
fancy scroll-work will answer tlui purpose — the whole periotic mass 
be cut awa}' from the sktdl, and then divided in any direction, the 
labyrinth can be studied. It is best to make the section in some 
detinite plain* with reference to the axes of the whole skull, — the 
vertical longitudinal, or vertical transverse, or horizontal, — as the 
direction and relations of the contained structures are then more 
easil}' made out. Four or live parallel cuts will make as many thin 
flat slices of bone, atibrding eight or ten surfaces for examination ; 
the whole course of the labyrinthine cavity can be seen in sections 
which, when put together in the mind's eye, or held a little apart 
in their proper relations and visibly threaded with bristles, afford 
the required picture very nicely. It is extremely difficult to chisel 
out the affair from the bone in which it is embedded. At first 
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glance the slices show a l)ewil(lering maze, — a continuous network 
or lattice-work of bone, in which the unaccustomed eye will recoe;- 
nise nothing but confusion. All this camrllated structui'o, however, 
is pneumatic — the open-work tissue of the bone, containing air 
derived fi*om the tympanic or Eustachian cavities, and having nothing 
to do with the ear- passages proper. Parts of the honij hfhi/rinfh 
will soon be recognised by their firm smooth walls and definite 
courses, as distinguished from the irn‘gular interstices of the j)neu- 
matic bone-tissue. The bony labyrinth consists of an irregular 
central cavity, the reddmle : of a cavity, ])roj('cting like a l)eak 
downward and backwar<l from the vestibule, the corhlra ami of three 
horseshoe-shaped tubular cavities, above, behind, and below th(‘ 
A'estibule, the tluj ends of whose hollows all open 

into the vestibule. Imagine three, hollow horse-shoes, with their ends 
melted into a hollow inflation (vestibule), the o})])osite wall of which 
is a hollow jirojection (cochlea) — or a hollow flat-iron (vestibule) w ith 
a long nose (cochlea) and three hollow* handles (the canals). Or, 
see Figs. 81 to 87, rej)resciiting the contained inrmlmdious labyrinth, 
to which the containing l)ony labyrinth very closi‘l^ conforms, as it 
is simply the ])ony cavity whose Avails encase the membi’anous and 
other soft structures. According as the sc'ctions have l)een mad(‘, 
numerous cross-cuts of tlic canals w’ill be Siam here and there as 
circular orifices ; the canals themselves lying curled likti Avorms in 
the petrosal and occipital substance, tlnn'r ends finally conv(‘rging 
to the vcstibulai* cavity. As com|)ared Avith those of man, tin? parts 
are of great size ; in the eagle, the AA’hole affair is as large as that 
part of one’s tliumb covered by the nail; the Avhole hmgtli of tin? 
superior semicircular (tanal is an inch or more ; its calibre, 1 should 
judge, being absolut(‘Iy about as great as in man. Tin? cochlea, 
hoAA*evcr, though not dimiuutivi? com}>arati\n?ly, is in a rudimentary 
condition as far as complexity of structure is concerned, in all 
njpresenting only the beginning of the cochlear struc- 
ture of mammals. In the latter class, the cochlea is spirally C(nl(?d 
orAvhorled on itself like a snail-shell (Avhence the name — cochlea, a 
snail), making at least oin? turn and a half, sometimes fiA*e {two and 
a half in man) ; Avith a centre-post or itiodinlffH arouinl which Aviinls 
a bony flange, the hunhut spirtilis^ a membranous extension of Avhich 
to the cochlear out-Avall divides the cavity into tAvo com])artments 
or sci(l(e (undo, a flight of .stairs) ; it is just like a sj)iral stairAvay, 
only an inclined plane instead of a series of steps. The membran- 
ous extension of the bony spiral lamina to the side-Avall obviously 
throAvs the cavity, as just said, into itvo spirals, Avhich only inter- 
communicate at the to|), Avhere the modiolus ends in a funnel-shaped 
expansion, the infuiidihvhnn, beneath the apex of the snail-shell, the 
cupolcL A marble rolling down the Vjper stairAvay Avotdd full into 
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the uaiilntlar cavity ; this division of the cochlea is therefore the 
mda vestihnli. The marhle starting from the other side of the in- 



fundibulum Avould roll along the under stairway, and if nothing 
stopped the svay, Avouhl fall through the fenestra rotunda into the 
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tympanic cavity ; this is tliercfore tlu* anihi t/fnipinii. The first 
marlile would also eventually reach the tym])aimin, throiuj;]i the 
vestibule, and out of the fenestra ovalis, if the foot of the sta]H's were 
uiistepped (in life, of course, both these windows " are closed liy 
membranous curtains). Now in birds the oocldear cavity and its 
])ony or cartilaginous contents are only the beginnings of such 
structure — a strap-shaped or tongue-like protrusion from the vesti- 
bule, as if a jiart of the fii‘st inamnialian whorl, and very incom- 
pletely divided into sea la vestibuli and sea la tynipani by a giistly 
structure (representing the modiolus and its lamina), which proceeds 
from the bony bar or bridge between fenestra ovalis and ftuiestra 
rotunda. (See Figs. 84, 85.) This structure is the most intimatci 
and essential part of the organ of hearing, for upon it spread tlie 
terminal Hlaments of the amlitory nerv('. \ human or any well- 
developed mammalian cochlea is a thing of marvellous beauty, even 
as to its bony shell — there is nothing to com[)are with its ex(|uisite 
symmetry ; while the spiral radiation of tlui nervous tissue intro- 
duces yet other and more wondrous ‘‘ cui*ves of ]>eauty.” 

The rrsd/ifflr hardly re(|uir(‘s special d(‘sciiptiob ; it is simply 
the central chamber common to the cochlear and canahVadar cavities ; 
receiving the mouth of the scala vestibuli of th(u:ocldca, ; tin; sevcual 
mouths of the s(*])a]’ate or uniting semicircular canals ; opening into 
tympanum by fenesti'a ovalis; condiutting to nnadus auditorius 
intenius liy the course of the auditory nerve. In the eagle, if its 
irregularities of contour were smoothed out, it would about hold a 
pea. 

Ill the language of human anatomy, the three scii/iclmihn’ rn/n/As* 
are the (n) anterior or superior vertical, tlie (A) |)Ostcrior or iiiferior 
vertical, and the (r) extcaiial or liorizoutal ; and tin* jdaues of their 
respective loops are appn^imately mutually p(‘rpcndiciilar, in tlie 
three planes of any cubical figure. In birds tlicsi; tmans do not apply 
so well to the situation of the canals with reference to the axis of the 
body, nor to the direction of the loops ; neither is mutual perpendicu- 
larity so nearly exhiliited. The whole set is tilted ovei’ backward to 
some degree so that the (x) “anterior” (tlu>ugh still sujierioi-) hiops 
back beyond either of the others ; the (A) “ |)osterio]’” loojis behind 
and below the (c) horizontal, which tilts down backwanl ; the verti- 
cality of the planes of (x) and (A) is bett(*r kc‘pt. 'J'he canals may be 
better known as the (x) su])crior (vertical), and (A) inha ior (vertical), 
and (c) internal (horizontal). AVhatever its inclination backward, 
there is no mistaking {((}, much the longest of the three, looping higli 
up over the rest, exceeding the petrosal and bedded in the occipital, 
the upper limb and loop of the arch has- relieved upon the irinei’ 
surface of the skull (Fig. 70, It makes much more tlum a 

semicircle — rather a horse-shoe. The inferior vertical (A) loojis 
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lowest of all, though little if any of it reaches farther backward than 
the great loop of (d .) ; it is the second in size ; in sha])e it is quite 
circular, — rather more than a half-circle. Its upper limb joins the 
lower limb of (^/), as in man, and the two open by one orifice in the 
vestilmle ; but it is not simple union, for the two limbs, before 
forming a common tube, twine half-round each other (like two 
fingers of one hand crossed). The loop of (h) reaches very near the 
back of th(i skull (outside;). The canal (r) is the smallest, and, as it 
were, set within tlie loo[) of (A), though its plane is nearly the oppo- 
site of the ])lane of (/>) ; and the cavities of (/>) and (r) intercom- 
municate at 01 * iKjar the point of their greatest convexity, farthest 
from the vestibule. This decussation of (h) and (^), like the twin- 
ing inosculation of (</-) and (/>), is well known. It may not be so 
gemu’ally undeistood that there is (in the eagle if not in birds 
g(;nerally) a Ihinl extra-vestilnilar communication of the canals. My 
s(;ctions show this perfectly. Th(‘ great loop of (</), sweeiung ])ast 
the dccussjiting-placc of (h) and (r), is thrown inb) a cavity common 
to all three, llristlcs thn'aded either way through each of the three 
canals can all throi; be seen in contact, crossing each other through 
this curious extra-vestibular chamber, which may be named the 
iririitni^ or “ three-way ” place*. (The arrangenu^nt I make out does 
?iot agree well with the figure of the owl's la}>yrinth given by 
Owen, yliidt. /V//. ii. 134. The trivium is at the place where, in Fig. 
SI or 83, the three iid’fnhnnwu.^ canals cross one another. It does 
not follow, however, that the.st; contaitied membranous canals inter- 
communicate, and it ap[)ears from Ibsen’s ligures that they do not. 
Study of these admirable illustrations, with the e.xidanations given 
under them, sliould make the details ])crfectly clear to the reader.) 

All that precedes n'latcs to the h(nif/ labyrinth, — the scrolled 
cavity of the })eriotic bone. The lurnihra^ioifs (((ht/riiifh is a sac lying 
loosely in the hollow of the bone, and shaped just like it, lining the 
hollow of the vestibule and tubes of the .semicircular canals. With- 
drawn intact, it would be a. perfect “east” of the labyrinth. Ori- 
ginally this sac is also continuous with one in the cavity of the 
(;ochlea, called the memhninoffs rochldf, which afterward becomes 
shut otf from the main sac. This shut-ofV coehh'ar part lies between 
the scala tympani below and the scala vestibuli above ; its interior 
is the .'in flit wnVw. If demonstrable in birds, it must be quite as 
rudimentary as the other scahn. Idle membrane is not attached to 
tlu; bony walls of the la))yrinth, but is separated by a sj)ace con- 
taining fluid, the prrihjmj^h, which also occupies the scala vesti- 
buli and scala tympani. A similar fluid, the endoJipnph, is contained 
ill the cavity of the membranous labyrinth, and scala media of the 
cochlea ; in it are found concretions, or otoliths, of the same charac- 
ter as the great “ ear-stones ” so conspicuous in many fishes. This 
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lymph has a wonderful office — that of fquilihnffion, onahlin;j; the 
animal to preserve its e(iuilibrium. The labyrinth and its contained 
fluid may be likened to the glass tubes filled with water and a 
bubble of air, by a combination of which a surveyor, for exain|)le, 
is enabled to adjust his theodolite true to tlie horizontal. Sonu* 
how a bird knows how the fluid stands in the self-registering level- 
ling-tubes, and adjusts itself accordingly. 01)servations made on 
pigeons show that “ when the membranous canals are <livid(;d, very 
remarkable disturbances of equilibrium ensue, which very in char- 
acter according to the seat of the lesion. When the horizontal 
canals are divided rapid movements of the head from side t(^ 
side, in a horizontal plane, take i)lac<‘, along with oscillation of 
the eyeballs, and the animal tends to spin round on a vertical 
axis. When the posterior or inferior vertical canals are divided, 
the head is moved rajmlly backwards and forwards, and the 
animal tends to execute a backward sonuu’sault, lu'ad over heels. 
Wlieii the su})erior vertical canals are divided, the head is moved 
raj)idly forwards and backwards, and the animal tends to cxecuti' 
a forward somersault, heels ov(‘r head. ( 'ombined.# .section of tin* 
various canals causes the mo.st bizarre contortions of tln^ head and 
body.” (Ferrier, Ftnid. nf fhr Hratn, isTfi, p. 57.) Injury of tln^ 
canals does not cause loss of hearing, noi* dues loss of e(jnilibrium 
follow destruction of the cochlea. Two <liver.sc though intimately 
connecte<l functions are thus presided over by th(3 acoustic nerve, 
— audition and equilibration. 

Senses of Taste and Touch : Gustation and Taction, — The 
hands of birds being hidden in the feathers which cnveloi) tin* 
whole body — their feet and lips, and usually much if not all of the 
tongue, being sheathed in hoi n, these faculties would appear to be 
enjoyed in but small degree. While it is difficult to judge how 
much appreciation of the sapid qualities of substances birds may ln3 
capable of, we must not be ha.sty in sup\)osing their .s(‘nse of taste 
to be much abrogated. One who has had the toothache, or tcjeth 
“set on edge” by acids, or jiainfully aflected by hot or cold drinks, 
may judge how sensitive to impre.ssions an (^xtiemely dense tissm* 
can be. Per-sons of defective hearing may be assi.st(‘d to a kind of 
audition by an instrument applied to the teeth ; and it is not easy 
to define the ways in whicli sen.sory functions may lx; vicariously 
performed or replaced. Birds are circumspect and di.scriininative, 
even dainty, in their choice of food, in which th(;y are doubtle.ss 
guided to some extent by the gustatory sen.sations they experience. 
As, however, only some human beings make these an end instead 
of a natural and proper means to an end, the selection of food by 
birds may be chiefly upon intuitions of what is wholesome. Such 
purely gustatory sense as they possess is presided i^ver by the 



284 


GENERAL ORNITHOLOGY 


TART II 


branches of the (flompkarynfjenl nerve which go to the l)ack part of 
the tongue and mouth. Though the chorda tymparii nerve exists, 
there is no lingual (gustatory) Inanch of the third division of the 
fifth cranial nerve. Vet the latter, which goes in mammals to the 
anterior jiart of tlic tongue, is less effectually gustatory than the 
glossopharyngeal ; as avc know by the fact that the sensation of 
taste is not completely experienced until the sapid substance passes 
to the back of th(i moutli. (lustation is likewise connected with 
olfaction ; the full effect of nauseous substances, for example, being 
not realised if the nose is held. • From these alternative considera- 
tions, e:ich one may estimat(5 for himself how much birds know of 
sapidity ; rememb(iring also, how soft, thick, and fleshy arc the 
tongue and associate', parts in some birds, as parrots and ducks, in 
com])ari.son with birds whose mouths arc (juite horny. 

'file beak is doubtless the ])rincij)al tactile instrument ; nor does 
its hardness in most birds preclude great sensitiveness; as Aritness 
the case of the tci'th, above instanced. Sensiation is here governed 
by the branches of the fifth nerva*. In some birds, in Avhich also 
the terminal fillmeiits of this nerve are largest and most numerous, 
the bill ac([uires ex([uisite sensibility. Huch is its state in the snipe 
family, in most UKunbers of which, as the woodcock, true, snipe, and 
sandpi[)crs, the bill is a. very d(?licate nervous probe. The yi/>fn’i/.r 
also feels in the mud for its food, enjoying moreover the unusual 
])rivil(*gc of having its nose at the end of its long exploration. 
Ducks dabble in the water to sift out proper food between the 
“strainers” Avith Avhich the sides of their beaks are provided; and 
the ends of the maxillary and mandibular bones thcmsch^es are full 
of holes, indicating the abundance of tlu' ner\mus supjdy (Fig. 63). 

The senses of birds and t)ther animals arc commonly reckoned 
as five — a number Avhich may be defcvisively increased — as by a 
sixth, the muscular sense, Avhicli gives consciousness of strain or 
resistance, a])art from purely tactile imjwessions ; and perhaj)s a 
seventh, the faculty of e<|uiUbration, Avhich has a physical mechan- 
ism of its OAvn, at least as distinct and complete as that of hearing, 
ddie ordinary “live senses” are curiously graded. Tadkni connotes 
(jualities of matter in bulk, as density, roughness, temperature, etc. 
GiisfdfioH, matter dissolved in AA'ater — fluidic. Olfaction, matter 
dilliiscd in air — aeriformed. Audition, atmospheric air in undula- 
tion. Vision, an ethereal .substance in undulation. All animals 
are probably also susceptible of hingenation, Avhich is the affection 
resulting from the influence of biogen ; a substance consisting of 
self-conscious force in combination A\dth the minimum of matter 
recpiired for its manifestation.^ 

^ The reader who may he interested to iminire further in this direction is referred 
to a ruhlicatiou entitled ; — iUoyrn : A Sjkri(l<tfion o7t the Orujin and Xatm'e of Life. 
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r. Myoloc.Y: tiik ^Miscilak SyM'KM 

Muscular Tissue consists of more or fewer anneljifonn animals ; 
separate colonies of which creatures, isolated in various paits of 
the hod}', compose the individual dillerent muscles. They are en- 
veloped in tilirous tissue, the sheets of which are called fasritf, and 
the ends of which, usually attached to hones hy tlirect continuity with 
the periosteal coverini; of the latter, form tendons and li^^ameiits. 
The muscle - animals belong to a genus which may he termed 
MfjiniKrhif, differing from other genera of the aimehiforms which 
compose the body of a bird less in their physical character of being 
elongated and spindle-shaped, or even liliform, than in their pliysio- 
logical character of contjutcfilifi/. Under appropiiati*- stimulus, as 
the passage of a current of electricity, or the wave of bi»)grn- 
substance which constitutes a “ ncrve-im[nilse,'’ shorten 

and thicken, tending towards a state of tonic c<)ntracti«)n which, if 
completed and long sustained, would cause thmn to ln*come< (Micysted 
as spherical bodies; but extnum* contraction is lA'vm* long con- 
tinued. Ey alternate contraction and relaxation all tlu* motions of 
the body in bulk are (.!ffccte<l. The cajiacity of, or tendency to, con- 
traction is called the tonicify of muscular tibi*(^ The. simultaneous 
contraction of any colony of MyiniKrlnr pulls upon the attachment of 
the muscle at each of its ends; in some cases approximating both 
ends; oftener moving the part to which one end is attaclusl, the 
other being iixed. The action of a musch? is upon the simplest 
mechanical principles, — nothing more or less than pulling upon a, 
part, as by a rope, the line of traction being (‘xactly in the line of 
contraction of the musch; ; though it is often ingeniously changed 
by the passage of tendons* arouml a corner of bom*, or through a 
loop of fibrous tissue, as if through a pulh^y. Such movenumts as 
those of a turtle protruding its head, or a, bird thiusting its b(‘ak 
forward, where muscle seems to are fallacious ; wlnm analys(Ml, 
the motion is invariably resolved into simple pufliiiy. The swelling 
up of a muscle in contracting must indeed ini|)inge upon neighbour- 
ing })arts and sliove them aside ; but that is an extrinsic i t‘sult. 
Muscles contract most powerfully under resistance to their tin*- 
gescence : what is effected by the fasciae which bind them down ; — 
what the athlete seeks to increase by bandaging his swelling hicrps. 
There are two sjiecies of Myowihu. Arinfa is the ordinary 
striped fibre of voluntary motion, and also of some imition not 

Abridged from a on tin* “ Uos.sibilities of i*roto]»lasiii,” n.-.'id lirloro tlio F’liilo- 

sopliical Society of Wiisliington, Gtli M:iy ISSg. J3y Dr. Dlliott etc. Wusltiiig- 

ton, Judd aiuUDetweilcr. 8vo, 27 pp. Fifth edition. ]3o.>toii, tMes and Lauriat, 
18S7. 
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under control of the will, us that of the heart. This sjiecies is 
usually of a rich red colour (jiale pink in many birds of the grouse 
family), and is the ordinary “flesh” of the body. The other 
species, hrris^ composes the pale or colourless smooth fibre of 
the involuntary muscles, as those of the intestines, the gullet, etc. 
A species of contractile tissue commonly referred to the genus 
jL'Sinanifrha (iiiditferent connective-tissue cells) is very near il///- 
(inui hn linris ; example, mammalian fJ<rrfos. The movements of 
en‘.ctile organs, as the neat combs over the eyes of grouse, or the 
turk(jy’s caruncles, are not in any .sense inijdnvihk, but depend 
mechanically u[)on influx of blood. 

The Muscular System of Aves can only be touched upon ; it is 
impo.ssible in my limits to even name all the miisclc.s, much less 
(Icscrilx* them. I can only note the leading peciiliaTities, and pre- 
sent a liguni in which the principal muscles arc named. 

'The subcutaneous sheet of muscle (of which the human “ muscles 
of (‘xpression ” and /ihiftfsmo, wifoides are segregations) is broken up 
in birds into a countless number of little slips which agitate the 
feathers collectively, and esiiecially the great quills of the Avings 
and tail. There are estimated to be 12,000 in a goose. The 
pi’inie ])eculiarity of birds’ musculation is the enormous develop- 
nuait of th(j or breast muscles, Avhich operate the wings, 

’riu^ great pectoral, jk ninjor or arises from the sternal 

l<(‘el, when that sjiecial bony se[)tum between the fellow-pectorals 
(exists, and from more or less of the body of the sternum, passing 
dirc'ctly to the great pectoral or outer ridge of the humerus, near 
the upper end of that bone. Its origin may even exceed the limits 
of the sternum, invading the clavicle, etc. ; it may unite Avith its 
felloAV. It is the <lcpressor of the humerus, giving the downwtfrd 
stroke of the Aving. The next pectonij, miindns ov p. uh’(Uu.<, 
arises from much or most of the sternum not occupied by the first, 
under cover of Avhich it lies ; it j)asses also the humerus, but by an 
interesting Avay it has of running through a pulley at the shoulder 
it elevates that bone, giving the vpinird Aving-stroke. A third 
])ectoral, p. ferfius or p. arising from sternum, and often 

contiguous parts of the coracoid hone, passes directly to the hume- 
rus, su})plementing the action of the first. A fourth muscle in 
many birds acts upon the humerus from the sternum or coracoid, 
particularly the latter. These four dilfer greatly in their relative 
develojnuent. Such extent of the sternum and pectoral muscles 
correspondingly reduc(*s that of the belly-Avalls, and the abdominal 
muscles arc consequently scanty. Fixity of the spinal column in 
the dorsal region diminishes the musculation of that part, the spinal 
muscles being much better developed in the cervical region ; Avhere, 
in cases of ‘some of the long-necked birds, there are curious con- 
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triviinces for tiie mechanical advantage of the muscle in flexing and 
extending this mobile part of the bod}'. Muscles of the hyouh'an 
apiiaratus acquire a singular development in woodpeckers, 'rho 
lower jaw is depressed particularly by muscle inserted into the taul 
of the mandible; the upper is elevated by particular muscles oju'rat- 
ing the pterygoid and cpiadrate bones. Temporal, niasseterie, and 
ordinary pterygoid muscles close the jaws. They are unsyninietrieal 
in Loxia. 

The iVtajilmnim, the musculo-inembranous ])artition which in 
mammals divides the thoracic from the abdominal cavity, is only 
represented in liirds in a rudimentary condition. ]\[aegillivray has 
tigured that of the rook as ‘consisting of three fleshy slips, r, r, r, 
})assiiig from as many ribs, 4, G, to the pleural sac of the lungs, 
/, /, in Fig. 101. It is best develo})ed in the yipfrrt/.r. 

The remarkable s])ecialisatiou of both limbs, — tin* former foi* 
flight, the latter f(jr the [>erfectly bipedal locomotion which only 
birds besides man enjoy, — results in corres])onding ])(‘culiarities of 
the muscular mechanism, ^luscles beyond the shoubb'r greatly 
reduced in number and complexity from an ordinary quadrupedal 
standard; those of the legs are rather increased, and their emdigura- 
tion, relative size, and to some extent theii* r(‘lations, are so much 
changed, that great difliculty is ex[)erienced in identifying them 
with the corn'sponding muscles of (jua<lrnp(‘ds. The result is 
great confusion in their nomenclature, which is still shifting, though 
much has been dune of late to give it precision. Attention has 
recently been called by (larrod to the classificatory value of certain 
muscles of the limbs. The that muschj or those 

muscles which imiy have elastic tendons, and by which the folds of 
skill in the angles of the wing-boni‘s are regulated, may hav(^ 
different characters in different groups of birds. It has long been 
known that particular musTles of the bind limb are in direct ami 
important relation to the prehensile power of the toes, and corisi*- 
quently co-ordinated with the. inse.ssorial or the reverse character of 
the foot. In the highest birds, Passnr.^ the foot grasjis with great 
facility, owing to the distinctness or individuality of thajh'.ror 
Judluds^ or bender of the hind toe. The funhkn.'< (Lat. ffn/hirns, 
going around) is a muscle of which (larrod has ev(m imule so much 
as to divide all birds into two primary groups according to whether 
they possess it or not. The ambiens arises fn)m the pelvis about 
the acetabulum, and passes along the inner side of the thigh ; its 
tendon runs over the ronrexify of the knee to the outer side, and 
ends by connecting with the jle/nr dl(j'dornni perforatum — one of tin; 
muscles which bend the toes collectively. MTien this arrangement 
obtains, the result is that when a bird goes to I'oost, and scpiats on 
its perch, the toes automatically clasp the perch by the strain upon 
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the ambiens that ensues as soon as the leg is bent upon the tliigh, 
and the tarsus upon the leg, the weight of the bird thus holding it 
fast upon its perch. The effect is as if an elastic cord were tied to 
the hip joint, thence directed over the front of the knee and back 
of the heel and so on to the ends of the toes. Olndously, such a 
cord would be strained when the limb i.s bent, relaxed when the 
limb is straightened out. The reader may observe a corresponding 
effect of the muscular arrangement of his forearm by throwing the 
hand as far back as possilvie ; the fingers tend to close by the strain 
on the flexors in passing over what is a convexity of the wrist when 
the liand is in that position, yos* have no ambiens, the perfec- 

tion of their feet in other respects answering all purposes. Birds 
having it are termed homalot/onttfo/fs or “normally-kneed” ((h*. 
o/xaAo?, IioiiiuloSj from u/xrK, luft/toSf like, even, etc. ; yai’r^ yordro?, 
gotiK, knee) ; those wanting it are called 

“abnormally-kneed.” The distinction j)rcvails with much applica- 
bility to vai'ious large groups of birds, and doc's good duty in 
diagnosis when duly connected with (►ther characters ; but sun'ly 
should not give name to 2 )rimary grou])s founded iiyon it! Other 
muscles of the leg much used by the same sagacious and zealous 
anatomist are the feinoriK'itinhil^ <fr(rss(fri/ /(-iiKirorinnhil, snnifc/Hli- 
and (irrr.<sori/ The whole fivt‘. of these muscles 

“ vary; any cue or more than one may be absent in dillerent birds ; 
. . . the constancy of the peculiarities in tlie ilillerent individuals 
of each species, or the species of each genus, and very generally in 
the genera of each family, makes it (‘vident to any one working at 
the subject that much respecting the aflinities of the dillerent 
families of bir<ls is to be learnt from the study of their myology, in 
connection with the peculiarities of theii* other soft parts ; and that 
these features will, in the lung run, lea<l to a more cori-ect classiiica- 
tion than one bas(Ml on tlu^ .skeleton alone, becomes almost c(|ually 
certain. ’ (Chirrod, P. Z. X, 187;}, [). (J30.) 

il AXGIOLOGY: the YaSCULAU oil ClIlCULAT(UlY Sy.stems 

Blood and Lymph are the two nualia by the ciiculation of 
which throughout the body the various amohoid animals which 
com[)ose the ti.ssues are fed, their waste n.'pairefl, and theii* d(!ad 
parts removed. Each s[)ecies vlmolnt has the faculty of selecting 
from the constituents of blood and lymph its ap[)ropriato foo<l ; and 
of converting such nourishment into its own proper substance, 
llefuse matttu’s are either drained off by the kidneys and voided as 
excrement, or swept by the current of blood into the lungs and 
there cremated. The stream of lymph is a feeder to the blood, and 
when the mingled currents are no longer distinguishablc'has become 

u 
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blood. The machinery of circulation is two sets of vessels — the 
hmmatic^ or vascular system proper, consisting of the heart, arteries, 
veins, and capillaries, for the blood-circulation ; and the lymphatic, 
consisting of lymph-hearts and vessels, for the flow of lymph. The 
lymphatics, converging from all parts of the body, and especially 
from the intestines, end in vessels which pour the lymph into the 
veins of the neck. The heart is the central organ of the blood- 
circulation, by which that fluid is pumped into all parts of the body 
through the arteries or efferent vessels ; straining through the net- 
work of capillaries, it returns to the heart through the veins, or 
afferent vessels. The set of efferent vessels is the arterial system ; 
that of afferent vessels is the venous system. The blood in arteries 
excepting the pulmonary is bright red ; that in veins excepting the 
pulmonary is dark red. The change from bright to dark occurs in 
the capillaries of the system at large ; the change from dark to 
bright only in the capillaries of the lungs and air-sacs. The systemic 
Idood circulation is completely separated from the pulmonic in all 
animals in which, as in birds, the right and left sides of the heart 
are separated f|«oni each other ; such circulation is said to be douhlc ; 
that is, arterial and venous blood only mingles in the capillaries, 
whether of the lungs or others, and therefore at the periphery of the 
vascular system : the heart })eing the centre of that system. Blood, 
in all or some of its constituents, permeates absolutely every tissue 
of the ])ody. Those tissues whose capillaries are large enough for 
the passage of all the constituents of blood are said to be vascular ; 
those which only feed by sucking u]) certain constituents of the 
blood, and have no demonstrable capillaries, are called iwn-vascular. 
But nutrient fluid penetrates the densest tissue, as the dentine of 
teeth ; no permanent tissues are really non-vascular, or they would 
soon die, as do feathers, which require.to be renewed once a year 
or oftener. 

Lymph and the lymphatics arc noticed further on. Blood con- 
sists of water in which several ingredients are dissolved, and cer- 
tain solid l)odies are suspended. Its water is salted, albuminated, 
fibrinated, and corpuscuhited. The proportions, which vary in 
different birds and at different times in the same bird, are in round 
numbers: water 80, fibrine and corpuscles 15, albumen and salts 
5 = 100 })arts. Withdrawn from the body and allowed to settle, 
blood separates into two parts, scrum and coar/ulum. The serum is 
the clear yellowish salty albuminous water ; the clot is the fibrine, 
in the meshes of which are mired the corpuscles, reddening the 
whole mass. The plasma, plasm or plastic material of the blood, is 
its substance dissolved in water ; that is to say, minus the solid cor- 
puscles. These latter interesting little bodies are a myriad of 
minute annuals, which swim in the life-current, and are named 
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Hcematanueba cruentata. They have been supposed to be of two 
species ; but the so-called white blood corpuscles, or leucocytes, in- 
distinguishable from lymph corpuscles, are simply the formative 
stages of the red blood-discs. In its early colourless stage, the 
Ilmmatamceba is a nucleated mass of protoplasm {protoplasm is the 
indifferent substance out of which all animal tissue is derived), of no 
determinate size or shape, exhibiting active amoeboid movements. 
Later in the life of the minute creature, it passes into a sort of 
encysted state, in which it reddens and accpiires definite dimen- 
sions and configuration. In birds these “ blood-discs ” are flat, 
elliptical, and nucleated, that is, containing a kernel ; they average 
in the, long diameter short, Thus 

they differ decidedly from the flat, circular, non - nucleated, red 
blood-discs of Mamimlia, which latter arc supposed to be rather free 
nuclei than perfected Iliematanwhte. Th(i red colour of blood is en- 
tirely duo to the presence of these unicellular animals. Tlie energy 
of respiration, and corresponding activity of circulation in birds, 
make them Jucrnatothermal, or hot-blooded ; the pulse is (piickest, 
the blood hottest, and richest in organic matter, ii] these of all 
animals. 

The Heart is a hollow muscular organ, at the jihysiological 
centre of the hiematic vascular .system. Its muscle pr(‘sents the 
principal exception to the rule, that the contractility of MyauKeha 
striata (see j). 285) is subject to voluntary control. It is the most 
industrious organ of the body, never ceasing its rhythmic .s*y.s/o/« and 
diastole, or contraction and dilatation, from the moment of the first 
pulsation in the contractile vesicle which begins it, to that when 
the “ muffled drum ” gives the last beat of the “ funeral march to 
the grave.” The arteries are the elastic, tliick-walled, branching 
tubes which leave the heart on their way to the body at large ; 
their pulsations, over which the vasomotor nervous system presides, 
are isochronous with the heart-beats, and arterial blood thus flows 
in jets. The veins are the vessels converging from all parts ; thin- 
walled, less elastic, Avith more equable current. The capillaries are 
the communicating vessels, of such size as jirst to permit the ILema- 
tamcebas to pass through ; their network represents the termina- 
tions of arteries and the commencements of veins. Tlie heart in 
adult birds is completely. double ; i.e, the right and left sides are 
perfectly separated. It is also completely four-chaml)cred ; i.e. 
there is an auricle and a ventricle on each si(lc, Avhich communicate ; 
in embryonic life the tAvo auricles communicate by the foramen ovale, 
Avhich afterAvard closes. Arteries proceed from the strong muscular 
ventricles ; veins are receiA^cd by the Aveaker auricles. The course 
of the blood is : From the body, excepting the lungs, it comes dark 
and heavy wdth products of decomposition, through the^ra^ veins 
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into the right auricle ; from right auricle through the auriculo-ven- 
tricular opening into right ventricle; from right ventricle through 
the pilrnonary arteries to the lungs ; in the capillaries of which it is 
relieved of its burden. There decarbonised and oxygenised, the 
bright red aerated blood returns through the i^'^lnwnary veins to the 
left avrieJe ; through the corresponding auriculo- ventricular opening 
to the left ventricle^ which pumps it out through the aorta and other 
arteries to the capillaries, and so to the veins and heart again. 
Thus the pulmonary arteries convey Ijlack blood, the pulmonary 
veins red blood j the reverse of the usual course. Before lungs come 
into play, in the egg, the blood is purified in the allantois, an em- 
liryonic organ which tlnui sustains a respiratory function. Besides 
the j)ulnionary there is another special circulatory arrangement, the 
heiiatic portal system of veins, by which blood coming from the 
chyhgjoetie viscera (stomach, intestines, etc., which make chyle in 
the process of digestion) strains through the liver before reaching 
the heart. There is no renal portal system in birds. 

Th(j heart of birds is not pccidiar in its conical shape, but is 
more median yi position than in mammals. There being no com- 
pleted diaphragm, the j)ericardial sac which holds it is received in 
a recess Vjetween lobes of the liver. The right ventricle is much 
thin nor- walled than the left ; the auricles have less of the elonga- 
tion which has caused their name (“little ears ” of the heart) in 
mammals. The right auriculo- vcntriculjir valve, which prevents 
regurgitation of blood, instead of being thin and membranous, is a 
thick llcsliy flap which during the ventricular systole applies itself 
closely to the walls of the cavity. The pulmonary artery and the 
aorta are each provided at their origination with the ordinary three 
crescentic or semilunar valves, as in mammals. The pulmonary 
artery arises single, forking for each lung. The pulmonary veins 
are tu'o. The systemic veins, or irna^ cane, bringing blood from the 
body at large, are three — tAVO precaval, from head and ui)per ex- 
tremities, one postcaral, from trunk and lower extremities. The 
aorta, almost immediately at the root of that great trunk, Figs. 90- 
95, li, divides into throe primary branches; right, ri, and left, li, 
innominate arteries, conveying blood to the neck, head, and up])er 
extremities ; and main aortic, a, which curves over to the right (left 
in mammals) and supplies the rest of the body. IMore precise state- 
ment is, perhaps, that the aortic root, h, first gives off the left in- 
nominate, li, then at once divides into right innominate, ri, and 
main aortic trunk, a, (right). It re])rcsents the fourth primitive 
aortic arch of the embryo. On the Avhole, the avian heart is a great 
improvement on that of most reptiles, though nearly resembling 
that of CrocoiUlia ; it is substantially as in any mammal, though 
differing iu its fleshy right auriculo-ventricular valve, tAvo instead 
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of one precaval vein, right instead of left aortic arch, and mode of 
origin of the primary aortic branches. 

The zoological interest of the avian blood-vessels centres in the 
rnrotid arteries, which, with the rertehral arteries, supply the neck 
and head. The carotids may be single or double ; and other details 
of their disposition correspond well with certain families and orders 
of birds. They are the first branches of the innominates. In most 





Kics, l)i;i;^raiiis of faroti'I arti'ro's <»f binis: h, root t»f aorta; o, arch of anria, to 

tho side; li, left iiini>niinatc ; /•/, ininMiiinate ; left subclavian; rs, ri;'ht siil)- 

claviaii ; h-, left carotid ; rr, ri;,dit cart-tid. (1) l-’iu' ylc#-: himrothl iiKr iinniitilr<, with two 
carotids, both alike. (2) I’i^'. Ul, .-Itv’.s with h-l't carotid only. (::) ri^'. h-. 

Avdi birnrotifli rtd’. dhiun'mab.% certain parrots, with two carotids, not alike. ( 1 , <i) Arrn 

cnniniii'tii-rnrotidiiiir, with two carotids, which sjici-dily mute in oin*. (l) Ki/. bittein, 
both alike. (.’>) Fi^\ 04 , tlaninn^o, left very small. (<'•) Fit', bo, ct)cl;ato((, 1 \ cry small. 
(Cojiicd by Shufcldt from (Jarrod.) 


birds, there is but one carotid, the left ; in a few, one, formed by 
early union of two ; in many, two, long distinct. The arrangtiment 
will be perceived by the diagrams taken from Oarrod’s admirable 
paper {P. Z. S., 1873, p. 457). In nearly the words of this author : 
1. In what may be termed the arrangement (though it is not 

the usual one), two carotids, of equal size or nearly so, run up the 
front of the neck, converging till they meet in the middle line, 
and so continue up to the head, on the front of the brfdies of the 
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cervical vertebrsc, in the hypapopliysial canal Birds with this 
arrangement Garrod calls aus hkarotidince normales (Fig. 90). 2. In 

most birds the carotid branch of the right innominate being not 
developed, only the lefty of larger size, traverses the hypapophysial 
canal ; but it bifurcates before reaching the head, thus producing 
two carotids, distributed as if there had been two all the way up. 
Such birds are said to have a left carotid, and are termed aves 
Icevo-carotidmcG (Fig. 91). 3. In certain parrots only, with two 

carotids, the right is as in (1), but the left runs superficially along 
the neck with the jugular vein and pneumogastric nerve ; such birds 
are aves hkarotidime ahnor males (Fig. 92). 4. Two carotids, arising 

normally, unite almost immediately, and the single trunk runs to 
near the head, just as if there Avere two as in (1) ; then it bifurcates, 
as in birds with left carotid only (2). Such birds are termed aves 
coiijunclo-carotidimr. Siiecial cases of (4) are : in the bittern, the 
two roots are of nearly equal size (Fig. 93) ; in the flamingo, the 
left is very small (Fig. 94) ; in a cockatoo, the right is very small 
(Fig. 95). Parrots display all four of the arrangements; the cases 
of the bitteriirand fiamingo are uni<iue. The question is thus for 
nearly all birds narrowed to Avhetlier there be tAvo normal carotids 
(1), or the left only (2). Observations upon three hundred genera 
shoAV tAvo ill one hundred and ninety-three, in one hundred and 
seven the left only ; but the numerical proportion of Passerine genera 
makes (2) the most frequent arrangement. There is but one carotid 
in all Passeres as far as knoAvn ; in most Ci/pselidw ; in TroganidiVy 
MeropidiGy Upvpidcey liliamjdtasfidw, some Psittaciy the Turnkida'y 
McijapodidcGy PodkipedidWy Alclda\ lihcidiV, Aptciijfjuhe. Thus in 
PassereSy Cohimha\ AccipitreSy Gralla\ and the carotid arrange*' 

ment is an ordinal character, all but the first nameil of these great 
groups having two. The character separates most of the families of 
“Picarian ” birds, and also distinguishes the families PhconkojAerhhv, 
Me(japodUhVy CraddiVy TnrnicidiPy PodicipedidcGy and family groups of 
the Ixaiitm, from among one another. It is apparently only a 
generic character in Psiitaciy and in Cjfpselidm, Ardeidwy and Alcidcr. 

Iveaching the skull, the carotids burroAv in the bone, betAveen 
the basitemporal plate and the true fioor of the skull, and enter the 
cranial cavity by the “ sella turcica ” (the original pituitary space) ; 
their anastomosis furnishes a sort of “circle of Willis.” (Figs. 66, 
69, 70, ic.) 

Both limbs of birds have a prime peculiarity of their arteries as 
compared Avith mammals. In the fore limb, the blood supply being 
chiefly absorbed by the immense pectoral muscles, A’essels Avhich in 
mammals are small axillary branches appear like the main continua- 
tion of the subclavian trunk, and the brachial arteries are correspond- 
ingly reduced. In the leg, the main source of supply is the great 
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ischiac artery, the femoral being small. This ischiac artery corre- 
sponds to tlie twig which in man accompanies the great sciatic nerve 
(comes nervi iscliiatici ) ; and the rare human anomaly of a podcriov 
main vessel of the thigh is therefore a reversion (atavism) to the 
avian rule. There is no single proper renal artery to the kidney. 

The Lymphatics of birds consist chiefly of a deep set accompany - 
ing the main blood vessels, forming variou.s plexus, — nodes, “ glands,” 
or “ lymph hearts,” in their course. Superficial lymphatics, so promi- 
nent in mammals, are little developed, though lymphatic glands are 
found in the armpit and groin of some Inrds. These are the 
systemic lymphatics ; a special set, the lacteals, arise by numberless 
twigs in the course of the small intestine, uniting and reuniting to 
form at length tiro (not one as in mammals) main tubes, which lie 
along either side of the spinal column. These are the tJioracir duets : 
which terminal trunks of the whole lymphatic system empty into 
the right and \o.h jugular veins at the root of the m'ck. Tin? contents 
of the vessels differ correspondingly. Ihire lymph is a pale, limpid, 
albuminous fluid, containing when maturedy elaborated a number of 
irregular arnceboid bodies indistingui.shable from the wliilo formative 
corpuscles of the blood (p. 201). It is strained outV)f the tissues at 
large, being that material, not yet elfete, which is still fit for feed- 
ing the blood. The lacteals contain chyle , — the otlnu'kind of lymph, 
drained off by the mucous membrane of tin; intestine from the pre- 
])ared food in that tube ; an albuminous fluid, milky or cloudy fi'om 
the abundance of oil-globules, which, after mingling with the systemic 
lymph, is })Ourcd directly into the current of tin; blood, in tin* 
manner above said. Since the lacteals do in)t a])pear to begin with 
open mouths, the chyle must soak into them through the lining 
membrane of the intestines ; and as this eonsists of a layer of amo‘ba- 
like animals, through whose bodies the chyle passe.s, it is <pute true 
to say that the whole organism is nourished u[)on the excrement of 
amcebas. 


e. PnKL^IATOLOGY : THE llESPIllATOIlY Sy.STE.M 

The Organs of Respiration provide for the ventilation of the 
body. Since the respiratory process is also calorific, they likewise 
furnish a heating apparatins. They consist essentially of air-passages 
and air-spaces connected with lung-ti.s.sue, being thendore pulinouary 
organs. No other animals arc so thoroughly permeated as birds 
with the atmospheric medium in which they live ; in no others are 
the respiratory functions so energetic and effectual. The lung may 
be likened to a blast-furnace for the combustion of decayed animal 
matter ; purification of the blood and warming of the body being 
two inseparable results obtained. Dark blood flowing to the lungs. 
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heavy with effete carbonaceous matters, is there relieved of its 
})Ur(len and aerated by the action of oxygen ; the products of com- 
bustion being exhaled in the form of carbonic dioxide and water. 
Aside from the proper lung-tissue, the capillary substance of the 
immense air-sacs tends to the same result. There is likewise, in 
birds, a lesser system of ventilation, by which air is admitted to 
cranial bones through the Eustachian tubes ; but this is unconnected 
with the })roper respiratory office. Pulmonary tissue consists chiefly 
of a wonderful net (a reie, mirahiU) of ca])illaries, interlacing in every 
direction, bound together and supported by fine connective tissue, 
and invested with membrane so delicate that their walls seem naked, 
their exposure to tlic air being thus very thorough. Air gains such 
intimacy with the caiiillaries through the larynx^ trachea (Fig. 101, u), 
and hroiirhial tales (?•, /•), these being the primary air-passages. Put 
all the bronchial tubes do not subdivide into the ultimate air-cells ; 
some large ones run through the lung, pierce its surface (as at u, //, 
Fig. 10 ij, and end in that system of enormous air-spaces for which 
the respiratory system of birds is so remarkably distinguished, — 
like a heap of soap-bubbles, blown up eii masse from a bowl of fluid ; 
the extra-pidmoifary air-spaces being the larger superficial bubbles, the 
minute vesicles of lung-tissue proper being little bubbles just formed. 
In this way air pem^trates even the hollow skeleton of most birds. 

The Lungs of Birds (Fig. 101, /, /), notwithstanding their heated 
energy of res])iration, are anatomically more like those of reptiles 
tlian of mammals. They are not sliut by a dia 2 )liragm in a special 
division of the great thoracic-abdominal cavity of the body, but 
extend from the apex of the chest as far as the kidneys, in the 
])clvic region. They are not divided into lobes, as in mammals, nor 
do they as in that class float freely in the chest by their mooring at 
their roots ; nor, again, are they completely invested by a serous 
membrane forming a closed pleural cavity. They are fixed in the 
dorsal region of the general cavity, covered in front with pleura, 'with 
which slips of the rudimentary diajdiragm (r, r, v) are connected ; 
but on the dorsal surface are accurately moulded to the intercostal 
S 2 nic(‘s, showing the imiwcssions of the ribs and vertebra^, — just as 
the lobulated kidneys arc stamped with the sacral inccpialities of 
surface. They are, as usual, two, right and left ; their “ roots ” are 
the bronchi (r, r), the ludmonary arteries and veins, nerves, and 
connective tissue. 

The Pneumatocysts. — A bird is literally inflated with these 
great membranous receptacles of air, and draws a remarkably “ long 
breath,” — all through the trunk of the body, in several ^wetty 
definite comjmrtments ; in many, or most, or all, of the bones ; in 
many intermuscular spaces ; in some birds also throughout the 
cellular tissue immediately beneath the skin. These cysts vary so 
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much in extent and disposition as to be not easily described 
except either in the most general terms already used, or with 
particularity of detail for different species. According to Owen, 
however, the usual disposition is: An interclaricular air-space, 
quite constant : this, with its cervical ju-olongatioiis, furnishes the 
great “ air-drums ” of the pinnated grouse and cock-of-the-plains. 
Anterior thoracic, about the roots of the lungs. Lateral thoracic, i)ro- 
longed to axillary, and to spaces and passages in the wings, includ- 
ing the hollow humerus. Large hepatic or posterior thoracic, about 
the lower part of the lung and the liver. Ahdominal, right and left, 
of great size, from the lower part of the lung where the longest 
bronchial tubes open very freely ; extending to pelvic and iiajuinal 
compartments, whence femoral sacs, the hollow of the femur, etc. 
The subcutaneous cells are enormously developed in the pelican ami 
gannet ; the extensive areolar tissue being thoroughly pneumatic, 
and furnished with an arrangement of the cutaneous muscle (jmn- 
iiiculus carnosus) whereby, a])parently, the air may be rapidly and 
forcibly expelled ])y compression. A similar muscle develops in 
some birds in connection with the interclavicular iiir-spacc. (The 
pneumaticity of the skeleton has been already treated.) 

The imrpose of this extensive respiratory a[)paratus is thus 
dwelt upon by the great English anatoiinst just cited: “'Ihe 
extension from the lungs of continuous air-reccj)tach‘s throughout 
the body is subservient to tlui function of re.spiration, not only by a 
change in the blood of the jmlmonary circulation elfcchjd by the air 
of the receptacles on its rei)assage through the bronchial tulx^s ; hut 
also, and more especially, by the change which the blood undergoes 
in the capillaries of the systemic circulation which arc in contact 
with the air-receptacles. The free outlet to the air by the bronchial 
tubes does not, therefore, :^ilford an argument against the use of the 
air-cells as subsidiary re.spiratory organs, but rather supports that 
opinion, since the inlet of atmospheric oxygenated air to bo diHused 
over the body must be equally free. A second use may be ascribed 
to the air-cells as aiding mechanically the action of respiration in 
birds. During the act of in.spiration the sternum is d(q)rcsscd 
[lowered from the back-bone in horizontal position of a })ii’d], the 
angle between the vertebral and sternal ribs made less acute, and 
the thoracic cavity proportionally enlarged ; the air then rushes into 
the lungs and thoracic receptacles, while those of tlui abdomen 
become flaccid; when the sternum is raised or approximated towards 
the spine, part of the air is expelled from the lung.s and thoracic 
cells through the trachea, and part driven into the abdominal 
receptacles, which are thus alternately enlarged and diminished with 
those of the thorax. Hence the lungs, notwithstanding their fixed 
condition, are subject to due compression through the medium of 
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the contiguous air-receptacles, and are affected equally and regularly 
hy every motion of the sternum and ribs. A third use, and per- 
haps the one which is most closely related to the peculiar exigencies 
of the bird, is that of rendering the whole body specifically lighter ; 
this must necessarily follow from the desiccation of the marrow and 
other fluids in those spaces which are occupied by the air-cells, and 
by the rarefaction of the contained air from the heat of the body. . . . 
A fourth use of the air-receptacles relates to the mechanical assistance 
which they afford to the muscles of the wings. This was suggested 
by observing that an inflation of the air-cells in the gigantic crane 
{Ciamia argalu) was followed by an extension of the wings, as the 
air found its way along the brachial and antibrachial cells. In large 
birds, therefore, which, like the argala [or like the wood-ibis, Tantahia 
locidator], hover with a sailing motion for a long -continued period 
in the upper regions of the air, the muscular exertion of keeping 
the wings outstretched will be lessened liy the tendency of the 
distended air-cells to maintain that condition. It is not meant to 
advance this as other than a secondary and probably partial service 
of the air-cells.. In the same light may be regarded the use as- 
signed to them by Hunter, of contributing to sustain the song of 
l)irds and to impart to it tone and strength. It is no argument 
against this function that the air-cells exist in birds which are not 
provided with the mechanism necessary to produce tuneful notes ; 
since it was not pretended that this was the exclusive and only 
oflice of the air-cells.” (Owen, ylnaf. Vert., ii. 18GG, ]). 21G.) 

Though nothing like them exists in mammals, it must not be 
inferred that these air-pouches are unique in birds. The general 
pulmonary mechanism is reptile-like, and the ornithic development is 
simply a logical extreme of arrangements found in reptiles and lower 
vertebrates, — even to the swim-bladder ^>1 a fish, which is morpho- 
logically and homologically pulmonary, though fishes’ gills are 
functionally, and therefore analogically, their lungs, i.e. their 
r espi ra tor y a p] )a r a tu s . 

The Trachea (Gr. rpaxela, iracheia, rough) or “ asper-arterv ” 
answers perfectly to its English name, windpipe. It is the tu])e 
which conveys air to and from the lungs (Fig. 101, t> to (/)• It 
commences at the root of the tongue by a chink in the floor of the 
mouth (Eig. 101, r), runs down the neck in front between the 

gullet and the skin, and ends below by forking into right and left 
bronchus (Eig. 101, \ r, r). It is composed of a series of very 
numerous gristly or bony rings connected together by elastic 
membrane. Lengthening and shortening, effected by muscles to be 
presently noted, is permitted by a ver}^ ingenious and interesting 
construction of these rings, which will be clearly understood with 
the help of the figures (96, a, b, 97, \ “ ) borrowed from Macgillivray’s 
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admirable account. When contracted, the rings look like an 
alternating series of lateral half-hoops, as in Fig. 96, a; when 
stretched to the utmost, as in Fig. 96, i, they are clearly seen to be 
annular, or completely circular. The curious bevelling of the right 
and left sides of each ring alternately is 
shown in Fig. 97, \ ^ ; and Fig. 97, \ “, 
represents the same two rings put to- 
gether. The principle by which any 
two rings slip partly over each other on 
alternate sides is something like that 
upon which a cooper fastens the ends of 
any one barrel-hoop without any nailing 
or tying. The rings are in some birds 
perfectly cartilaginous : in most they 
become osseous. The trachea is moved 
by lateral muscles, which not only 
shorten the tube by approximating the 
rings, but also drag the whole structure 
backward, by their attachment to the 
clavicle and sternum. The strip, or two 
strips, of muscle lying iiikhi each si<l(; 
of the trachea, is the coutntefor Iraduif 
(Fig. 101, ; the most anterior, 

when there are two, as soon as it 
leaves the tube to go to the clavicle, 
becomes the didoirarkrali^ or didohnoid^ t^ig. 101, f ; tluj 
other is similarly the dcnudradiadis. The latter may ])e a 
direct continuation of the contractor, as in Fig. 101, ^ the loose 
strips under q, or apparently arise sepai*ately from the side of the 
lower end of the tube, as in Fig. 101, r. (Other musch's arc to 

be described Avith the 

larynx .su]»erior and 
inferior.) The trachea 
is long in birds, ])ro- 
portionate to the exten- 
sion of the neck ; it is 
very llexiions, follow- 
ing with ease the bends 
of the neck in which 
it lies so loosely. Its cross section is oval oi’ circular; but all that 
relates to the configuration and course of the pipe rcfjuires special 
descrijjtion, — so variable is the organ in difierent birds. It is 
subject to dilatations and contractions in any part of its extent, and 
to deviations from its usual direct course to the lungs. Minor 
modifications must be ])assed over. The most remarkable expaii- 


, fill iiicli of tnifhoa, 
tilt* iiliiKi^t, tilt! ring's 
kiii;4 liki‘ .•illi'nifitin;' luilf-rinirs ; 
till- s.'inii', sliflrlifil to two iiiclii'S, 
thf linus 1‘vi'lfntly c<»iii|>l«*ti‘, with 
iiitt rvciimo iMoiiihniiii*. (.Mtor M;ic- 
Killivniy.) 



Fit;. 97. — 1, Icft-liantl, two tracheal rinirs, .si.-jiarate, as 
in Fi;^. 90, h; 1, 2, ri;iht liand, tin; same jiut together, as in 
Fig. yti, a. (After Maegillivray.) 
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sions of the lower part of the tube occur in many sea-ducks and 
mergansers {Fuligulinm, Mergituv), and some other birds ; several 
lower rings of the trachea being enormously enlarged and welded 
together into a great bony and membranous box, of wholly irregular, 
unsymmetrical contour. Such a structure, represented in Figs. 3 
and 98, is termed a tntchnil Ujinpanum, or labyrinth. It is not a 
part of the voice -organ proper, but may act as a reverberatory 
chamber to increase the volume of the sound, without however 
modulating it. lleing chief!}" dcvcloiied in the male, it is a kind of 
secondary sexual organ. The vagaries of the windpipe are still 
more remarkable. ATuy generally, in cranes and swans, the trachea 
enters the keel of the sternum, wdiich is excavated to receive it, 

and where it forms one or more 






k coils before emerging to pass to 
the lungs. This curious winding 
is carric<l to an extreme in Gms 
ammeana, tlic whooping crane, in 
which the windpipe is about as 
long as the whole l)ir(l, and about 
half of it — over two feet of it ! — 
is coiled away in the breast-bone 
(Fig. 09). The same tiling occurs 
in (r. C((naflensis to a less extent 
(Fig. 100). In a guinea-fowl, 
_ Gnttn' acrisfafay a loop of the 

trachea is received in a cu]) formed 
^ apex of the clavicles. In 

various birds, as some of the 

Fkj. ‘)S.— U oiiy l.'ibyrintliatlioUomof tlio ( ( ^rnrithA flm f'nnpr- 

Ir.ar.hca of tlio inalf of Vlutiipild inlittufira, CUl.XSSOVS yL ) aCl(l(( ), tlie Caper 

hr. u. w. si.u- caillie (IVrao nrogalhiA), a goose, 
Atfscranas seniijndinabff and the 
female of the curious .snijio, lihyncliau (nistralis, the trachea folds 
between the pectoral muscles and the skin. 

The Larynx (the Gr. name, Xdpvy^, liirug.r) is the peculiarly 
modified upper end of the trachea (Fig. 101, \ and ^ to ^-). In 
mammals it is a complicated voice-organ, containing the vocal chords 
and other consonantal apparatus ; in birds the construction is 


Fkj. ‘.tS.— Uoiiy labyriiitli at bottom of tlu 
Ir.aohca of tbo malf of (.'((tiifpiln iMmuIifit, 
sct-n from brliiml, iiat. ssiw. Or. U. W. Shu 
fi‘hlt, U.S.A. 


simpler, as the larynx merely modulates the sound already produced 
in the lower end of the tube. It lies in the floor of the mouth, at 


the root of the tongue, between the forks of the hyoid bone, resting 
upon the urohyal. Besides its attachments of mucous and other 
membrane, it is connected with the hyoid bone by a pair of thyro- 
hyoid muscles (Vj^X ^tiid usually with the rest of the trachea by 
prolongations of the sterno- and clido-tracheales. It is usually a 
small, simple, conical “ mouthpiece ” of the pipe a\ without the 
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dilatation which renders the corresponding structure — the “ Adam s 
apple,” — so conspicuous in the human throat. Below, it communi- 
cates directly with the pipe : above, it opems into the mouth by tlie 
(floitulean fissure, or rima fiotiidis f, c), a median leiigtliwi.so chink, 
which opens and shuts as its sides diverge or close together, ami 
which is further defended in front by a folding of the nuicous 
membrane of the mouth, constituting a rudiment of that curious 
trap-door arrangement which, when fully developed, is called the 
eplfjlottis d, e). Exclusive of two hviccii ui)p('r rings of the 
trachea <y), the cartilages (or oftencr bones, — for tliey generally 
ossify) of the larynx are five. One is a large single median anil 
inferior piece, the thjfrmd, or shield-piece (‘, n), forming the 

most substantial part of the structure. It is somewhat triaiigiilar 
or oblong, running to an obtuse end in front ; and witli side.s and 
posterior angles which curl upward liehind. To its lateral posterior 
corner is attached on each side the small “ horn ” oi* rorniruhnn 
larijnjjis ('*, % ”, h). There is a small median upper posterior t)iec(*, 
supposed to represent all there is of the rrimid (■', ", r), which in 
man makes a ring around the larynx lielow the ^thyroid. To the 
cricoid, as to a base, are attachc<l a pair of straight slender undnudds 
(/), projecting forward along the upper surfacii of the laiynx: 
these form the rinut (jhdtidis, — the li.^.sure of tlu^ glottis ))eing 
between them. The arytenoiils are attached in front by slender 
ligaments to the end of the thyroid tlie little sli])s ))etween d and 
c), and they are supplemented by cartilaginous ?!<lg(;s j\ f) \ but 
there are no true vocal chords. Besides the extrinsic thyrohyoid 
musclc.s, which pass from the larynx to the tongue -bone, the 
laryngeal parts are operated hy intrinsic nuis(;les, the sum of the 
motion given hy which is the o])cning ami shutting of the glottis 
by drawing apart or pigling together the aiytenoids. Four pairs 
of such muscles are de.scribed for some birds. As named and 
figured by Macgillivray for the rook, there are : tlic thiji'nnnjlrnohh^ 
which are the openers of the glottis 3 the uhlhfiw itrfiritoiil.'i 
(10, ihtjrocrkoids (‘^ and the [insknor ffii/rorricoids^ 

(11 12 ^ 0 , 0 ) 

The Syrinx (Gr. in'fny^, stirif/.r^ a pipe) or Lower Larynx is the 
voice-organ of birds ; in most respects a more com})Iicated structure 
than the larynx proper, and one so difierently constructed in 
(liflerent birds that it affords characters of gr(‘at significuncf; in 
classification. The higliest group of for cxam[)le, is 

signalised by the elaboration of thi.s musical organ, the marvellously 
adroit fingering of the kcy^s of which by tlie little muscular 
performers sends through the tracheal souiiding-pijie the tuneful 
messages of bird’s highest estate. A few degraded or disgraced 
birds, as the ostrich and the American vultures, have no bucolic 



302 


GENERAL ORNITHOLOGY 


PART II 


organ at all, the trachea forking as simply as possible. Others, as 
the common fowl, have a fair syrinx, but no muscles whatever to 
modulate their pastoral lays. Others have one, two, or three pairs 
of intrinsic muscles ; to which may or may not be added a sterno- 
tracheal with syringeal attachment. It is not so much the bulk or 
mere fleshiness of the syrinx that indicates musical ability ; but the 
distinctness of the several muscles, and the mode of their insertion, 



Fio. 00.— Coilinj; of the windpipe in the sternum of Grus americann ; reduced. 


which result in endless combinations of rotating and rocking move- 
ments of the parts, whereby an infinite modulation of the musical 
tones becomes possible. In Oscines there are normally five or six 
pairs of muscles, without counting the extrinsic sternotracheales ; 
and the gist of the arrangement, in these melodious Passeres, is the 
attachment of the muscles to the ends of the upper bronchial half- 
rings, as far as the third one. As Professor Owen remarks with 
appreciative feeling, “ the manifold ways in which the several parts 
of the complex vocal organ in Cantores may be affected, each of the 
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principal bony half-rings, as one or the other end may bo pulled, 
being made to perform a slight rotatory motion, are incalculable ; 
but their effects are delightfully appreciable by the rapt listener to 
the singularly varied kind and quality of notes trilled forth in the 
stillness of gloom by the nightingale.” 

I should be able to make the plan of the syrinx clear to the 
student with the assistance of Macgillivray^s beautiful figures. 
These are drawn from the rook, — a corvine croaker, indeed, but 
one whose syrinx is in good order, though he has never learned to 
play. As the modifications affect principally the soft parts covering 



Fio. 100.— Coiling «»f the wimliiipe in the sternum of (;tus ranathnsia ; rcdnocil. 


and moving the music-box, one description of the latter is applicable 
to most birds. The last lower ring, or piece composed of several 
fused rings, of the trachea, at its bifurcation into bronchi, is enlarged 
or otherwise modified (Fig. 101, aha), and crossed below from 
front to back by a bony bar, the 2 )^ssulus at h ; a), or bolt-bar, 

which, dividing it into lateral halves (as at forms thus two 
lateral openings instead of one median tube, — the beginnings of 
each bronchial tube. A membranous plate, strengthened by 
cartilage, rises vertically into the tracheal tube, forming a stjAura, or 
median partition, between the orifices of each bronchus. The free 
curved upper margin of this septum, extending from front to back 
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l»inl ; nnt. size, after JFac^'illivray. 1. «», tongue ; \ basibi-ancliial, commonly called urohyal ; 
c, e, h<»nis of liyciid bone ; d, <1, genioliyoid muscles; f, r, stylobyoiil nmsclcs ; clnioliyonl 
muscles ; (f, h, i, tesoithagus ; j, pri»veutriculus, ov secretory stoulach ; k, gizzard, or gjgcrium, 
the muscular stomach ; /, m, n, n, intestine, duodenum to rectum ; o, j>, trachea, or Avindidpe ; 
</, inferior larynx, or syrinx ; r, r, right and left bronchus ; ss, contractor muscles of trachea ; 
t, t, lungs, with n, u, apertures communicating with thonicii* air-cells; r, r, r, three i>airs of 
luuscular slips answering to a rudimentary diaphragm ; l,L’,3,-l,o,(*,7, as many ribs. 'J. Ilyoid 
bone; o, glossohyal, tijtped uith cartilage, its po.^terior horns being ceratohyals ]>ro]>cr'; h, 
basihyal; e, basibranchial proper, eommonly called urohyal ; rf, if, ceratobranchials proju v, 
commonly called apohyals; e, », epibranchials pro|»er, comuumly called eiuatohyals, ti}>iu'ii 
with cartilage, /, /. —3. Glottis, or opejiing of trachea in the mouth ; a, ba.se of tongue ; h, f>, 
horns of liyoid bone ; e, rima ghdthli.s, cleft or chink «)f tin* glottis ; »/, ;i triangulai* vacuity ; r, 
an elastic ligament ; d and r represent an epiglottis ; /,/, a ]»apillosc .surface. 4, baryiix ^ lewed 
from befetro (below) ; o, thyroid bone (*r eaitilage. I^jirynx viewed fioin b«*hind (alwue); (r, 
thyroiil bom* ; />, h, its ai)peudages ; r, cricoid : d, if. aryt«*iioids ; ». e, anterior bonier of thy- 
roid, to which if, (f au‘ connected by two arytenoid ligaments, -d. Larynx vieweil tVom right 
side; it, thyroid ; h, a)>]H‘nd:\ge ; e, ericoid ; «/, arytenoid ; /, /, eartilagt* att.aehed ft) arytejioid ; 
(j, a tracheal ring. 7. Larynx viewed fnmi behind : «, thyroid ; f>, f>, its apinmdages ; c, ciicoid ; 
(/, arytenoids. — }S, !•, 10, 11, I'J. Mmseh'.s of the laiuiix ; I, 1 (Kig. S), thyrohyoids ; *J, “J (Kig. 1>), 
thyroaryteiioids, or ojieners of tlie glottis; ;4(I'ig. 10), »tbli(|ue arylenoi<ls; 4. 4 (Kig. 11), 
thyroe.riooids ; r», 5, (Kigs. 11 an<l 1*J), posterior lhMoeri«*onls.- \:i. Ilifureation of tiaehea ; nl>u, 
last entire tracheal ring. 14. La.st. entire tracheal ring, viewed from behiw, crossed by the 
p«‘s.sulus. — 1.‘). bifurcation of t rachea, ami brom-hi, vieweil from helow ; a, pessulns, the bolt-bar, 
or “bomt of divarication ’ ; h, h, next succeeding tra<dieal half rings. it‘.. o, h, r, if, inferior 
laryngeal or syringeal muscles, not well made out in this ligun- ; see text. Hut. the typical 
oseiiie arrangement (aeromyoiban) is perceived, inasmueh as aiiteiii'r («f) and ]»ostenor ((/) in- 
trinsic muscular masses go to j /n/^ of the (it st traelieal h.alf-iiinr, at fi ami <• ; tin* extriii.sie sli]» r 
passing to sternum; eomi'uve Kig. l at 7. 17. Tvaehi'a, etc, of the nightingale, nat. size. 

(Compare Figs. 3, 07, 7'2, 7.3, 74.) 


of the orifice, is called the scfififttnor tifruihranr. : tlie edge of ii 

partition common to both lironchi, it forms, in fact, the utner li/t of 
each bronchial orifice ; that is to say, the iniK'r rit/nf ijlt/tfif/is 
or li}) of the syringeal moutlunece. This mcndnanc vibrates with 
the column oi air, and is, in fact, one of the “vocal cliords.” Now 
the bronchial ring.s which succeed are nut annular, circumscribing 
th(} bronchial tube, but an; lialf-rings (^•', /y, /y), or'hrcs of circles to 
be coin])IetC(l by membrane, which forms more or less (scarcely or 
not half) of the circumference of the tube ; this membranous part, 
termed the interned ifimjuiiffjonn ineinlrune r. to r), being on the 
side of the bronchus which face's its fellow, while the hard bronchial 
half-rings comiilete the rgst of tlie cylinder. The membrane is 
attached to the pessnlus above. This accounts for tin; whole 
bronchial tube and its vocal sciitnm from its fellow. Now the 
concavity of the upper two or tlirce lironchial half-ring.s, on the 
outer wall of the tube, but in its interior, is the place where is 
(leveloiied a certain fold of tlie mucous membrane, projecting into 
the tube ojiposite the .septum, aud forming the outer lij) of the 
syringeal glottis ; for this membranous fold, like the semilunar 
membrane, is set (piivering in vocalisation. Tlie upper trach(*al 
rings which enter into this arrangement are enlarged and otherwise 
modified. Thus are formed two “ vocal chords,” njion the vilirations 
of wliich the harmonious or discordant notes of tlie bird depend. 
The chords are struck by the hand of air indeed, but endless musical 
variations result from the play of the muscles in increasing or 
diminishing and variously combining the tension of the several 
parts of the instrument. In giving four pairs of iritrin.oic syringeal 

X 
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muscles (anterior external, anterior internal, intermediate, and 
posterior, besides the extrinsic stcrnotracheales), as figured in </, 
A, c, (/, and Macgillivray is said to have understated the full oscine 
number, which is five or six. In the raven, Owen describes 
without counting the sternotrachealis : hronrlwlmchealu out icy 
anterior external ; hrom'hoirarhenlu ])osf,icys^ })Ostcrior external ; 
hroarholrffdu’fflis posterior internal ; hronchialis yntiaiSj anterior 

internal; and hrotirhiiiii^ posfinis. The general arrangement, how- 
ever, is fairly indicatcid by Macgillivray in where on the side of 
tlie syrinx, the muscles arc seen to diverge from the tracheal lateral 
line to go to fnd.'i of the bronchial semi-rings. 

I’he student will understand tliat my descri})tion is particular 
only as regards the oscim^ syiinx; tliat in birds at large every 
possible modification, almost, of lower tracheal and upper bronchial 
rings occuis, and with various musculation, or with none. The 
non-osciiKi rule for the muscles is, one on each side, if any ; and 
ins(5rtion into mid -parts, not cmls, of the bronchial half-rings. The 
hitter charactei* chusfly distinguishes the non-oscine syrinx when it 
has several mi'scl(!s. As to situations of the syrinx, three have 
been recognisiHl : the ordinary hnmrhofrtfchrK/j in formation of which 
both bronchi and trachea taki^ part; the tnirln'yJy only known to 
o(;cur in some American Passeres, as in TJutnnyphiliis and 
O/ydyrhunrhys^ situated wholly in the trachea, the lower part of 
which is extensively membranous; and the hi'ourhhtl^ wholly in the 
bronchi, as in dioUphnpt and 

The Song of Birds unlocks the great secret of ( lonesis to those 
who can liear tlui keynote. It is the closest a})proach in animate 
nature to the ringing of the hydrogen bells in the physics of light. 
The musical instrument figured (101, is the identical pipe the 
‘“great god Pan” first fashioned for a ^legacy to all time, as so 
sweetly said by l\lrs. Prowning : — 


“ Ilf toif out a ivfd, the great god Pan, 

Prom the deep cool bed of the river. 
The ]ini])id water lurbidly ran, 

And tlif hrokfii a-dying lay, 

Ainl the ilragon-flv had tied away, 

Kre he brought it out of the river. 


“‘This is the way,’ laughed the great god Pan, 
(Laughed while he sjite by the river !) 

The only \vi\y since gods began 

To make sweet music, they could succeed.’ 

Then dropping Ids mouth to a hole in the reed, 
He blew in power by the river. 
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“Sweet, sweet, sweet, O Pan, 

Piercing sweet by tlie river ! 

Blinding sweet, O great good Pan ! 

Tile snn on the hill forgot to di(‘. 

And the lilies revived, and the dragon-tly 
Came back to dream on the river.” 

But the sad sequel, felt by Keats, when poor Psyche has seen 
and known, and Eros has found his wings — 

“ So (lid he feel who pulled the boughs aside, 

That we might look into a forest widi*, 

To catch a glimpse of Faims and Dryades 
Coming with softest rustle through the trees ; 

And garlands woven of ilowers wild and sweet, 

Upheld on ivory wrists, or sporting leet ; 

Telling us how fair trembling Sijriny lletl 
Arcadian Pan, with such a fearful di(*ad. 

Poor Nymph, — poor Pan, — how he did weep to liiid 
Naught but a lovely sigbing of the wind 
Along the ivedy stream ! a half-lu'urd straiq 
Full of sweet desolation, balmy pain.” 

The blessed ))Iucbir(l, “ Ix'aring tin; sky upon her ])a(;k,” is 
burthened with the same “light load of song” — 

Have you listened to the carol of the bluebird in the s))ring ? 

Has h(‘r gush of molten melody been not ponied Iwrth in vain t 
Ah ! then tin' pul.-e has (piiekeiied, and a sigh, pcabaps, has risen, 
From the hr(‘ast tin* bluebird's music stirs to thoughts that lack 
expression — 

So t(mdi;r, so tumultuous are tin* fancies thus aroiisi-d. 

The bluebird's song breathes gladm‘ss-- breathes tin.*, sweet and 
S(deinTi trium])li » 

Love feels when all love’s passion imdts in its own fruition. 
Ex([uisitely subtile are the chords the hliuihird touches - 
Cdiords that cpiiver now in ecstasy, now thrill in fond expectancy, 
Now die ill dreams of all that might liavi* lieeii. 

Hers is language to interpret, and translate in accents rhythmic, 

All the yearning cd’ young love to claim his own 

Of young love that tnnnbles on the tlirtfshold of tin; pas>ioiis, 

And shrinks before tlie imag(*s his ardour calls to lile. 

Thus to the maiden musing come thronging thoughts nnbiddcii, 
When she hears this si)eaking echo of the hoj>(‘s that glow within; 
And the tell-tale blushes redden to the rose-tint on the bosom 
Of the bird that dares to breathe her secret joy. 

Thus to the youth impetuous, whose life is sot to music — 

Let love but laugh and beckon from afar — 

Fulfilment sends a greeting in the soft voluptuous languor 
That steals upon the senses if the bluebird’s song be heUrd — 
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This son^ of wondrous gladness, ever bubbling, welling, gushing, 
From a fountain full of promise, inexhaustible, divine ! 

Sweeter far these liquid accents when the buds of liope are blighted. 
And the tree of knowdedge bears its bitter fruit ; 

Wlien memory sits brooding on tlie ashes of lier birthright, 

And sackcloth shrouds a heart tliat once was young ; 

For a silver chonl is quickened wliea-e was greedy, silent sorrow — 
Kesponding to a sym]»athetic tomdi : 

The ))ird sings true Jind temh'r, witli a ]U‘ecioii.s burden laden. 

With the tidings of a love that never flies. 

So in the timid spring-time, when the world wears WTcaths of roses, 
King ch^ar the Joyous mehjdies of hope ! 

So in the summer season, wdien the wine of jdeasure reddens, 

King passionate the triuiii])h.s of the heart ! 

So in the sad, still autumn, when life bends beneath its burden, 

Wlieii wliat might have been has never come to pass, 

Kings one(* again this music, on the cruslied and \vounde<l s])irit, 

Jhinging light where all was dark ami <lrear before : 

All is not lost if the music that the bluebird bears be heeded, 

For her mission is to tell us love is Clo«l. 

< 

Though it is a fact that “the (1irt(07n<>rifJi(r. are not 2)rovi(lo(l 
witli intrinsic syringeal muscles,” there may l)e much truth in 
treatises dr ritithi ([t/riti inortlnrl which have ap})earcd from time to 
time, and to the number of wliich I may be ])ardoned for adding — 

How sa<lly sweet, how soft and low 
Is the music born of pain - 
Ho^^ mournful sounds the ebb and How, 

Wdiat measuivd beats, what throb and throe, 

In the wild swan’s ilying strain ! 

The archer, Death, and the twanging bow, 

And tbe fateful shaft on-sped, 

All slate and grace and juide laid low, 

Distuih-red plumes and crimson How — 

For the white swan’s heart has bled. 

but h(‘ar the mourn fill cry that rings 
On tlu‘ startled air of night ! 

As a s])iiit form in the darkness wings 
Its >vay unseen, the wild swan sings 
His p.salm of life and light. 

How sadly sweet the solemn strain — 

The ilirge of the dying swan ! 

That wondrous musie, child of pain, 

That requiem, sounding once again — 

* And a bird’s soul passes on. 
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/. Splanchnology : thk Digestive System. 

The Alimentary Canal, or digestive tract, is a tube Avhich passes 
through the body from mouth to anus, conveying food, the nutritious 
qualities of which are drawn off by the lacteals m traui^itu and 
assimilated, the refuse being voided. This is dhjcsiion. Tlie canal 
is really a tube within a tube, lieing contained in the cavity below 
the bodies of the vertebne, foiined hy the series of Iw mid orclK's. 
Birds are very hist liv(‘rs, their digestive operations, like the pro- 
cesses of respiration and circulation, being very active and effectual ; 
they require proportionally greater (|uantities of food. The voracity 
of the cormorant is proverbial, but it is probably not greater than 
that of the ethereal nightingale. Birds as a class are omnivorous ; 
many species arc as nearly omnivorous as any animals can well be ; 
but the majority are either vegetarian or ilesli-feeding. Very many 
birds feed upon fruits, hard or soft ; but even these, when in the 
nest, arc nourished for the most ])art iqxm th(‘ Ixxlics of insects ; 
and it may be truly said that the great majority of birds are 
insectivorous. Birds seem to be the groat controlling agency in the 
economy of nature of the increase of insect life ; agriculture wouhl 
1)0 diflicult if not impracticable without them, and tlu*ir economic 
value is simply incalculable. Insectivorous birds cannot be much 
interfered with, without destroying one of the most important and 
consequential of natui'o’s many beautiful adjustnnmts. The bii*d 
cries perpetual “ cchcc ! ” to the insect. Even tlTos(^ birds which 
are mainly llesh-catcrs, as the hawks and owls, are similarly beneticial, 
for the creatures they chielly prey upon are tln^ small rodents so 
hateful to husbandry. The carrion-eatm’s contribute largely to make 
tropical regions habitable to man. Various tribes of l>irds feed 
almost exclusively upon li.sh ; and these sometimes reach the dignity 
of diplomatic and other political interests of mankind : nations have 
gone to war over the dung of such birds, guano-beds being to sonuj 
of the South Ameih^an powers a large item of their revcuiue. Chili 
and Peru havebetui fighting lately, and the United States have lieen 
wrangling over the excrements of the alimentary canal of sea-birds. 
This tube in general is shortest, simplest, and most direct in the 
flesh- and fish-eaters, the nature of whose food assimilates already 
more nearly to the substance of their bodies than does that of th (3 
vegetarians. The tube is modified in different ]jortions of its extent 
for the prehension, retention, saturation, maceration, and comminu- 
tion of food, and the mixture with it of other solvent fluids than 
those secreted by the mucous membrane (jf the alimentary canal 
itself. Hence arise the various modifications of its length, dilatation 
here, contraction there ; the presence in its lining membrane of 
numerous follicles ; and the annexation of various glandular organs. 
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Being always longer than the body, the tube is necessarily coiled 
away in certain places ; this folding taking place chiefly in the 
intestinal part of the tract. Modifications of structure make recog- 
nisable parts, as the mouth, gullet, crop, stomach, gizzard, intestine, 
cloaca, anus. Aniuix organs are the salivary glands, the liver, and 
the pancreas, all of which pour their secretions into the canal. This 
tube also receives the terminations of other systems of organs : the 
auditory organ of special sense ; the respiratory system, which 
is at first a mere bud or offset from the digestive ; the urinary 
arid th(j generative, which, though originally distinct, primitiv(‘ly 
and permanently open into the lower bowel. The intestine is also 
continuous with the cavity of the umbilical vesicle of the embryo, 
a primitive structure whicli disa})pears as the chick matures; and 
with that of the allantois, another embryotic organ which begins by 
liudding from the intestinal cavity. Its connection with the system 
of blood-vessels is direct through the lacteals and thoracic ducts 
(p. 29r)). Its operations are automatic and spontaneous, of the 
“ reflex ” ord(‘r ; that is, excited by the presence of food, — having 
work to do maj<ing it work, so to sjieak. Its innervation is chiefly 
by the jineumogastric and sympatlndic nerves ; and digestion is the 
most purely vegetative function, dealing Avith the raAV materials of 
nutrition and conse((uently of the growth and rci)air of the Avhole 
body. The active factors in this ti-ansaction are several species or 
varieties of small creatun's, called Kittcranm lxr ; they are all derived 
by descent with 'iuodifieation from the hy])oblastic cells of the early 
(mibryo. Those of the <*anal itself form all the mucous epithelium 
of that structure, Avitli its various secretory crypts, follicles, and villi ; 
similar creatures, j)erhaj)S of different genera, form the lining of the 
salivary, hej)atic, and ])ancreatic glands. Blood-vessels in intimate 
connection Avith the digestiA’e organs form that special venous 
arrangement by Avdiich the blood coming from that part of the 
intestinal tract Avhen^ chyle is made is collected in a [xntid .system 
and sent througii the liver, — in the embryo a. sort of “great dismal 
sAvamj) ” Avhich interrupts the ordinary current. The tube Avithin the 
tube is fixed not only at its ends, but by various membranous con- 
nections, among them the jn<\«'nfrrirs. We Avill notice the .several 
dei)artments of the alimentary canal and its annexes ; reference 
should be made to Big. 101, where most parts of the digestive system 
are shoAvn. 

The Mouth and Tongue. — The most anterior of the special 
cavities into Avhich the tube is divided, and the “ manual ” organ 
it contains. The mouth in general corrcs])onds to the shape 
of the jaAvs, already sufficiently noted. The anterior part is 
much hardened, like the beak ; in fact, this hardness of the buccal 
ea\dty, and the absence or very slight distinction of a “ soft palate,’' 
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are among the peculiarities of a bird’s mouth. There is consequently 
little distinction, if an}^ between mouth proper and w 

which is the posterior part, leading directly into the gullet, be- 
sides this communication, the mouth receives the terminations of 
four special cavities. 1. The ptsfrrior on the roof of the 

mouth posteriorly, generally a median slit leading into the nasal 
chambers. 2. The generally single and median and more posterior 
opening of the Ei(sfarhutih which lead 
into the tympanum, and arc the remains of a 

the first postoral visceral cleft of the early . 
embryo. 3. The ///o/Z/s (Fig. 101, c), a 

slit at the base of the tongue, the o]»ening 
of the wind})ipe, and so of the Avhole IS 

respiratory system, which is defended by 
a rudimentary trap-door, the fjmjloitiiiy if 11 
any. 4. One or several i)airs of oritices, 11 
the openings of the ducts of the sidirarf/ fu \ ■j||u 

(jhduU. These structures, corresponding B \ ’SHk 

to the parotid, submaxillary, and sul)lingual 
glands of mainnials, vary extremely in MV V*. i HIM ^ 
their development. In woodpeckers, for jl I B i|n\|\vw^ 
example, and some Ila elaborate H 

special salivary glands occur, having a 6 jilWSm 

glomerate structure and a special df/rl af 

In many othei’ birds, similarly ‘rf M 
compound but h^ss elaborate subinaxillary ftiB 

glands pour their secretion into the imnitli f'H 
by a series of pores. In most birds, how- ^ 
ever, tlie salivary glands are small, sirnj^le, W 

and less distinct from various other sets of C 

mucous crypts which op^n into the mouth. 

[n the groat l.iistard (Ww A//v/</; Fig. 102) i,,,,';;;;,;, ‘r'i'ly ' h, ,, u 

there is a singular buccal structure ; a great a-.m (ian-.Mi. n, i.,ii;;;iic : i>, tiu- 

1 . , .1 .1 . ' jMMicli, Iii.ciiii);: mnlfr liiiii.Lrini^ 

pouch opening beneath tlie tongue, suscep- i„ or th.- im Imh.i 

tible of distension during those amatory | ^'*1^ 

antics termed the “.showing- off” of 

the creature. It is in fact an air-sac, but not of the kind already 
considered (p. 29G), having no connection with the respiratory 
system. The narial, Eustachian, and glottidcan ai)ei tuies are com- 
monly defended by retror.se pain 1 he ; and other such processes of 
mucous membrane, knobbed or acute, may occur elsewhere in limjs 
and patches. The roof of the mouth is nearly all “ hard palate,” 
as already said ; its soft floor is the mucous memhrane and skin 
between the forks of the under jaw, with muscular or other interven- 
ing structures. The principal flooring muscle is the inulohyoid ; 
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the geidoliyoid (Fig. 101, \ </) is another, which passes like the first 
from the mandibular to the hyoid bone ; a third is the dylohi/oid 
(e). The floor in some cases forms a pouch, which, as in the peli- 
can, is of great extent and susceptible of enormous dilatation. 

The handler of the mouth, or lingual organ, is the tongue, which 
answers the same ])urpose as in other creatures : it is tactile, to some 
extent gustatory, sometimes prehensile, nearly always manipulatory. 
In some birds, as the pelican and ibis, and also the kingfisher, it is 
very slightly developed, — scarcely moi-e tliaii a pad at the bottom 
of the mouth, enjoying the most limited motion or other function. 
In some birds, as the parrot and duck tribes, and also the flamingo, 
the tongue is large, thick, and fleshy, ([uite filling the mouth. In 
the first-nained of these, it is dexterously manipulatory ; the morsel 
of food is managed between the tongue and upper beak ; the tactile 
certaiidy, and peu-haps the gustatory sense is highly developed ; and 
the fleshiness of the tongue may a fleet that power of articulate speech 
for which some parrots are justly noted. In the Lamellirodi'es just 
meiitioiK'd the tongue has lateral [n’occsses corresponding to the 
denticulations of the beak, and the under surface is horny at the 
end, like a humtji finger-nail. In the \voodpcckcrs (Figs. 73, 74) 
the tongue itsidf (glossohyal part of t\nt hyoid) is reduced to a 
slight horny and spiny tip of the lingual aj)])aratus ; but other parts 
of that mechanism arc so extraordinarily developed that the “tongue” 
appears as a lunthrldjonn (worm-like), sja^ar-headed organ usually 
caiKvble of groat p}:otnision from the mouth, tiud therefore acting as 
a prehensile instrument, being bedew(‘d for that purpose with tena- 
cious saliva from the great salivary glands ; while it is actuated in 
})rotrusion and retraction by specially develo})ed muscles. In the 
snipe and many other long slender-billed waders, the tongue is 
similarly slender, hut not protrusible. The long narrow tongue of tlie 
toucans {Hhamphadidiv) is beset with slender processes, so that it 
seems feathery. The tongue of the humming-bird is very singular. 
These and other interesting extremes aside, the ordinary style of a 
bird’s tongue is flat, narrow, more or less sagittate or lanceolate, 
and tipped or sheathed in horn, commonly with lateral backward 
processes like the barbs of an arrow-head, — the whole glossifl struc- 
ture upborne 2 >retty distinctly upon the end of the hasihyal hone. 
(See Fig. 101, where bu, is such an ordinary tongue, and o-J] is its 
whole .skeleton.) Such horny tongues are commonly bifid at the 
extreme tip or there variously lacerate, or laciiiiate, or thready, — 
and even tlie fleshy tongue of some parrots, as the lories, is brushy 
at the end. The bony foundation of the tongue is the composite 
hyoid hone, already often mentioned ; the free lingual part proper 
is based upon the glossohyal and its terminal cartilage ; the roots 
curve more or less extensively about the base or more of the skull. 
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The tongue is moved by some intrinsic muscles, as well as by those 
extrinsic ones by which it is connected to the skull, jaw, and wind- 
pipe (Fig. 101, ^ and % 

The (Esophagus. — After comminution, if any, by the beak, and 
insalivatiori in the mouth, food passes directly througli the pliarynx 
into the (m)i)htgns or gullet, — a musciilomembranoiis tube connect- 
ing mouth with stomach (Fig. 101, //, //, /). This is composed 

(besides its mucous membrane) of circularly disposed consfrictor iibres, 
and longitudinal contractor fibres, of Mijanarba^ of the pale, smooth 
species {M. hwis). It has generally a pretty straight course, but 
may be diverted to one side or the other ; and, in particular, is 
subject to various dilatations and contractions, permanent or tem- 
porary, aside from the mere distension caused by the passage of 
food. AY hen the floor of the mouth is wide and loose, the gullet 
partakes of the same character above ; the extreme casc^ is atforded 
by the pelicans, especially Pehranas lint the gull(;t of many 

small ])irds, as various genera of FringiJlvhr wwA rev/vVAe, is much 
more distensible than is commonly supposed, and may be found 
crammed with seeds which there find resting*[)lace^ for some time. 
The fish-eating birds, as herons, cormorants, loons, and others, have 
also capacious gullets. The Australian bustard, FnjHnlofis ((nsiraH.% 
has an (esophagus capable of smdi extraordinary distension that it 
hangs down in front of the ])r<‘ast when intlatiMl with aii’, as it is in 
the amatory display in which that species is wont to indulge. 
Aside fnmi mere distensibility of transient charaetbr, the (eso[)hagus 
of many lards becomes modihcMl anatomi(;ally into a special 2 )ouch, 
— the crop or craw, inglnvif's, Avherc tht^ fo(jd is detained to be macer- 
ated in a special secretion before passing on to tlui true stomacib. 
Such definite cr(jps occur in birds of prey, which gorge such masses 
of food in their irregular V(jracious liampicts that it cannot all be 
received into the stumacli at once ; and likewise throughout the 
orders of Columbine and ( hdlinac(‘Ous birds, which habitually feed 
upon seeds and other fruits so hard that they are advantageously 
macerated as a preliminary to true digestion. The common fowl 
furnishes a good illustration of a large, (hdinite, singh; and median 
crop ; in pigeons it is a ])air of lateral dilatations. In these latter 
birds, when they are rearing their young, the secretion of the inglu- 
vies, always copious, becomes still more so, and of a milky character 
in consequence of the activity of the altered mucous surface ; it is 
regurgitated into the mouths of the young along with the macer- 
ated grains. “This phenomenon is the nearest aj)[)roach in the 
class of Birds to the characterkstic mammary function of a liighcr 
class ; and the analogy of the ‘ pigeon’s milk ’ to the lacteal secre- 
tion of the Mammalia has not escaped popular mAice.” Various 
other birds also feed their young by regurgitation of elaborated 
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food ) and very many similarly reject indigestible portions of their 
ingesta. Such vomiting is best known to be the wont of birds of 
j)rey, which habitually throw up the hair, feathers, and bones of 
their victims, made up into the boluses called “ castings’’ ; but the 
practice is far from being confined to these flesh-eaters. The ex- 
treme case of emesis offered by Inrds is witnessed in the hornbills 
{ILicerotidft') which have ])(ien known to throw up the coat of their 
stomach without discomfort, — what a blessing it would be to some 
old topers if tln^y could do the same and grow another with equal 
ease ! In fact, in consefpicnce (jf the capacity and directness of the 
gullet, vomiting is very easy to birds, and with some it is a means 
of self-defence;, — very effectual, for instance, in the cases of American 
vultures ((faf hart ides). Fish-eating birds, as herons, gulls, petrels, 
habitually vomit when woumled or otherwise molested. 

The Proventriculus. — The tube just considered ends below in 
a special tract, variously dilated or not, but always peculiar in the 
presence of certain gastric follicles which secrete the digestive fluid 
proper. Tin; “ stomach ” of a bird, in fact, is compound, consisting 
of a glandular oy digestive portion, and a muscular or grinding part. 
The former is the jtnarnfricalas .- whatever its size or shape, or 
whatever its magnitude in com[)arison with the grist-mill, it is re- 
cognised by the prestmee in its mucous surface of these gastric 
follicles, secreting the peptic fluid which rhyinijirs the food. The 
follicles are ])crha[)s always large enough for this ])art of the tube 
to bo recognised by the naked eye, — the mucous membrane having 
here a thickened, velvety, vascular aj»pearance. The glands arc of 
various sizes and shapes, — usually simply tubular, sometimes clulibed 
or conical, or variously racemose (like a Inincli of grajics). They 
are disposed in a zone around the tube, or in })atch(\s u})on part of 
its surface, — in the darter {Plofas), very singularly in a separate 
lateral comj»artment looking like a crop. Details of the grouping of 
these solvent glands are interminable. AVhatever its anatomical 
variations, and however like the end of the (esoi)hagus it may 
simply appear to be, this rrntrkalas ylandalosus is the bird’s proper 
stomach (Fig. 101, h /). 

The Gizzard. — .Mixed with the salivary, ingluvial, provciitri- 
cular and other st'cretions of the mucous surface, and already 
chymiti(‘d, the food of birds next passes directly into the gizzard, 
yif/rrinnfy or muscular division of the stomach, sometimes called the 
rnifricalas hidbusus. The two are sometimes separated by a tract, 
sometimes immediately consequent. In the muscular gizzard, the 
food-grist is ground tine. To this end, the walls of the cavity be- 
come dcveloi)ed into a more or less powerful muscular apjiaratus, 
and the mucous membrane changes to a tough, thick, horny, occa- 
sionally even bony, lining ; this callous cuticular lining being often 



SEC. IV 


.‘LVJTOJ/y OF F/FPS 


PS 


very loosely attached, and even deciduous iu some cases. The 
muscular arraugemeut is chietiy in two great masses, called the 
lateral numies^ converging to a central tendon ; l)etween them inter- 
mediate fibres may form a more or less distinct muscular belly. In 
the most powerful gizzards, the muscular tissue is very dense and 
dark coloured, the tendons brilliantly glistening, and the contained 
“millstones” extremely callous. Such a gizzard is well displayed 
by the common fowl or the goose. The oi)i)osite extreme is afibrdod 
by the carnivorous and especially the piscivorous birds, whose soft 
food requires little trituration, — it is all a matter of degree. How 
readily this part of the canal responds to the regimen of the bird 
is witnessed in the C()ck-of-the-i>lains ((^mfrocerras — 

a bird Avhose gizzard is so slightly muscular as to a}>pear like a 
membranous bag, though its gallinaceous lelativc's liave extremely 
strong grinders. Its food is chielly tln^ huils and leavi's of tlie wihl 
sage (Artratisijf) and grasshopi)ers. Increased muscularity of the 
gizzard has even been artificially produced, llirds whose grist is 
heavy habitually swallow gravel, that these small stones may 
mechanically aid in the grinding ])roccss. d'ho action is s(> energetic, 
that in auscultating a fowl when the mill is in full blast, the noise 
of the grinding can be distinctly heard. The ])ebhles, in fact, have 
a function which leaves “hens’ teeth” not merely mythical, 'flm 
kind of motion impressed upon the oi)posing ])ads of cuticle is 
alternating, — a rub])ing back and forth to a slight (‘xtent. IVculiai’ 
dispositions of the callous surfaces are found in soimi pigeons, with 
corresponding peculiarity of thi^ cross-section of the gizzai’d. In 
some of the cuckoos a matting of impacted* hairs of lepido})terous 
insects has been mistaken foi' a coat of tluj gizzard itself. In the; 
darter, which has a ]>yloric division or comi)artment of the gizzard, 
this is nearly filled with, a mass of matted haii's, a [)eculia,r modi- 
fication of the epithelial lini?ig, serving to guai’d the i)yloric orifice*. 
Folds of the lining membrane form a pyloric valve in many birds. 
The jff/lorusj or the orifice, is that o]>(!ning by which food 

leaves the gizzard for the intestines ; the orifice of (mtrance from 
the a'sophagus is the rxrdhir. The two are always near together, 
and sometimes adjoining. (In Fig. 101, \ !: is on the cirntral tendon 
of the moderately muscular gizzard ; the cardiac oiifice is betNveen 
j and /*, and pylorus between I and /*.) 

The Intestine continues the alimentary canal to tluj cloaca. 
Any difference in the length of the whole tract, relatively to that 
of the bird, is chietiy produced by the foldings of the intestine, 
especially in the upper jiortion of its course. I’lie extremes of 
proportionate length are perhaps not ascertained ; but known to be 
from less than 2:1 to more than 8 : 1. In birds there is little or 
no distinction between “ small ” and “ large ” intestine as to the 



3i6 


GENERAL ORNITHOLOGY 


PART II 


calibre of the tul)c, nor is the latter sacculated as in mammals. 
The former is considered to extend from the pylorus to the cma 
(structures to ])e presently noticed). Above the caeca the intestine 
commonly receives its foldihgs and windings ; below them it usu- 
ally proceeds more directly, or quite straight, to the cloaca, forming 
literally a “ rectum ” ; but in the ostrich this ultra-csecal tract is 
longer than the rest, and convoluted. The cis-caecal portion is con- 
ventionally divided into duodrnnm, jejunnm, and ileum; there is, 
however, no positive anatomical distinction of these parts in any 
animal with which I am acquainted. In birds, a “duodenum” is 
perhaps as distinct as ever ; it forms the most constant duplication 
of the intestine, the pancreas being lodged in this (hiodeval fold (Fig. 
101, \ /, 7//, //). The course of the intestine is otherwise very vari- 
ous in different birds. The upper end, near the pylorus, receives the 
liepatic and pancreatic ducts ; and food is rln/Hjied after impregna- 
tion with tlie biliary and pancreatic fluids ; a process furthered by 
the ])rot)er secretions of the intestinal follicles. The rhjk is drawn 
off by the l<(rfe(fls already (lescrib(‘d (p. 200 ), and the unassimilable 
refusii of the foo^l becomes excrementitious. 

Caeca (Lat. nerus, blind, in the noni. pi. raro, ; sing, ecvcitw ). — 
The “ bliiul guts,” so called because they end in rnJs-de~sa(\ arc of 
two kinds. One is the unddliatl mv?////, or riiclliiie avemn, a rudi- 
mentary, or rather vestigial, structure, the remains of the o[)cn duct 
by which the cavity of the umbilical vesicle (an embryonic organ) 
communicated wifli that of the intestinal tract. It is ordinarily 
not to be not(*d at all ; but it is said by Owen to have been found 
half an inch long in the gallinule, an inch in the bay ibis, and 
dilated into a sac an inch in diameter in the Aptertix. The 
structures ordinarily called cevvq or nveo coli^ for they are usually 
paired, are pouches or diverticula which s(\t otf from the intestine 
proper at the junction of the ileum with the colon ; but there is 
nothing in the intestine itself to mark this point, so that when 
cieca are absent, as fre([uently happens, no distinction of ileum from 
colon or rectum is appreciable. No other part of the intestinal tract 
is so variable as the cwcal ; so that presence or absence of these 
aj>pendages furnishes zoological characters nowadays taken very 
commonly into account in framing genera and families. There are 
no eivca, as in the turkey-buzzard and some ju’geons ; there is a 
single small ciecum in herons. From a condition of extremely 
small size, like little buds upon the intestine, cjeca arc found to 
elongate to extraordinary dimensions ; and the largo specimens are 
frequently saccate or clubbed, with slender roots. In geese and 
swans the ca'ca are a foot long, more or less ; in some grouse they 
are said to be a yard long. In the ostrich the mucous membrane 
is thrown into a spiral fold. However developed, the physiology 
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of these intestinal appendages is the detention of food until all its 
nutritive qualities are absorbed, and increase of the absorbent 
surface. 

The Cloa'ca (Fig. 101, \ h) or “ sewer,” very well named, is the 
termination of the bowel, — an oval or globular enlargement of the 
rectum, of sufficient capacity at least to contain the compl(*tely 
shelled egg. For, not as in placental mammals, the urogenital and 
digestive organs are behindhand in their evolution, and do n()t 
entirely lose connection with each other. Nor is there in birds 
any distinct bladder ; but a cavity, originally that of the allantois 
of the embryo, persists in common with that of tin; intestiiies, and 
is the clodCff. Such incomplete distinction between the two as there 
may be, by a folding of imicous membrane or partial comj)artment 
of the whole, results in cloaca proper, and urofifidta} niiuis, in which 
latter are the papillose orifices of the /nrffcs^ one on each side, 
from the kidneys; and of the single oviduct (?) or paii'ed sperm- 
ducts (cJ), from ovary or testes. The urine of birds not being 
litjuid requires no more of a bladder than this sinus furnishes. The 
same cavity contains the penis of those birds, as the ostrich and 
drake, which are provided with an organ of copulafton, A ])eculiar 
anal gland, the Inirsd Falnid}^ also opens into tlie cloaca, liefnse of 
digestion, the renal excretion, the s]>ermatic secretion, and the 
product of conception, are <lischargcd by a single anal orifice, the 
two former en mdssp. 

Being intimately related to dietetic regimefn, and so to the 
habits of birds, the alimentary canal varies greatly, — (^ven moni 
than my slight sketch shows, — and consequently affords good 
zoological characters in the details of its construction. But of all 
the anatomical systems, this is the one most variable as a matter of 
2 fhif'<iol(ifilc(fl adoptotuHi (see [>. 10.3). Its characters, even when they 
seem weighty, are therefore peculiarly liable to be fallacious as 
indices of natural affinitie.s, and must be applied with discreet 
caution to moiqihological classification. Sucli are commonly (uily of 
generic significance. Thus in tiigeons the, caxa and even the gall- 
bladder may be present or absent in neighbouring genera. 

Alimentary Annexes. — Some of these, as the salivary glands, 
have been noticed already. The two most important bodies 
connected with the digestive tract, and properly considered adjuncts, 
are the pancreas and the liver. The former is that kind of 
lobulated salivary gland which in mammals is called tlui “sweet- 
bread.” It lies in the duodenal loop, along which its loosely 
aggregated lobes extend. Its ducts, formed by the successive union 
of smaller efferent tubes, are two or three in number ; they i)ierce 
the intestine a little below its commencement at the jiylonis, and 
pour into the canal the pancreatic juice, which has tlje property of 
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emulsionising fat. The li^wr is a well-known glandular organ of 
very special structure and function, secreting the fluid called hiU, 
also received into the intestine. It is of moderate size in birds, 
and deeply divided into two principal (right and left) lobes : in 
some birds tlun'ii is also a smaller lobe ; and one of the large lobes 
may also bo divided. The lobes dispart above to receive between 
them the apex of the heart ; they are held in place by pleuro- 
|)eritoncal folds contril>uting to form the thoracic-abdominal air-cells. 
This viscus receives venous blood from the extensive portal system; 
two Inijiatic veins then conduct it to the post-caval. The emunctory 
ducts, carrying olV the bile, are two or three in number. One at 
least goes directly to the intestine, and anotluu’ to the gall-bladder, 
wluiu that cyst exists ; in which case there is a separate cystic duct 
from the bladder to the intestine, no (huLi^i commitnU choleilorJiHs^ or 
duct common to the hepatii; substance and its cyst, being formed 
in birds. Two hepatic ducts may coexist with a cystic duct, 
making three to the intestine, all separate ; two is the rule when 
tluue is no gall-bladder. These emunctori(‘s commonly enter the 
intestiiK} some distance apart, and Ix^yond the pancreatic ducts. The 
gall-bladder is i(cneraily present, sometimes absent ; it may occur 
or not in closidy rclateil genera of birds. 

g. Ooi.odV : TTIK Ujkxjkxital Ohoaxs 

The Urinary and Generative Organs may be conveniently con- 
sidered together, not only on account of their close anatomical 
relations, luit because their [»hysiological functions, totally diverse 
in adult life, are primitively related in the most intimate manner. 
For it is a singular fact that the mean oflice of straining urine out 
of the system is at first sustained by a structure (Wolfhan body), in 
closest connection with which, in the female, actually as a ])art of 
which, in the malt*, are later developed those organs (ovary and 
testis) whose t*xalttid office is creative ; for these permanent genital 
glands procreate the microscopic creatures called DgiKtmamu'ha'j the 
marriage of which results in the reproduction of a complex 
organism like the male or female parent. (See Figs. 103, 104, and 
following.) 

The Wolffian Bodies, or iinmortHal ki(lneg.<, are a pair of tubular 
structiirt's which appear very early in the j)rogrcss of development 
of the embryo, beneath the spinal column, in front of the fore end 
of the future kidneys ; with each of them is developed a duct, the 
JEoJfjuni (/nrtj which carries their excretion into the cavity of the 
allantois (the future cloaca). Upon the appearance of the true 
kidneys, the transitory Wol Ilian bodies and ducts lose their urinary 
function ; thq}' ultimately disappear from the female, for the most 
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part, leaving only a trace of their former existence in certain 
vestigial structures {parovaria, etc.) ; in the male, likewise, they 
atrophy, Init not to the same extent ; for a portion of the bodies 
persists as an accessory (epididymal) portion of the testicle, and 
their ducts persist as the sperm-ducts, or va^a ilvfvreniia. Mean- 
while, in closest connection with the WoltKan hodic's, appears a pair 
of organs, the genital gJamU, for a while exactly alike. If the new 
creature is to hacomQ female, the genital gland develops to a certain 
complexity of tissue and becomes the ovarg ; wliile a certain duct, 
the Mailer iati duct, developed coincidently to connect such ovary 
with the cloaca, becomes the oviduct. In birds usually only one 
ovary and oviduct (the left) becomes functional. If the new 
creature is to become male, the same genital gland develops to a 
higher degree of complexity, accpiires a tu))ular structure, and 
becomes the testicle ; it connects with remains of the Wolflian body, 
and the Wolflian duct becomes the pennanent sperm-duct, conveying 
the product of the male function to the cloaca, just as the oviduct 
conveys the product of the female function to the same sewerage. Thus 
the testicle of the male and the ovary of the female are homologous, 
in fact primitively identical organs, upon which seifual dillerence is 
impressed l»y the greater comidexity of sti-uctni e acepdred if tlui sex 
is to l)e male ; a female being, anatomically and physiologically, 
simply an imperfect male, arrested at one stage of lier physical 
jirogress to male perfection of structure ; and tlu^ whole nature of 
the female bears out the same relation of inft*riority. Hut tin? 
oviduct of the female and the sperm-duct of the male, though 
physiologically identical, having the same function of conveying 
the products of generation from the g<‘nital gland to the light of 
day, are not anatomically the same ; for in tlui case of the femahj, 
whose Wolflian duct has disappe-ared, the Miillerian is the oviduct; in 
the case of the male, in which Miillerian duct appears, the 
Wolflian is the sperm-duct. The two arc analogous, not homologous 
(a good illustration — see page 103). But it must be further observed 
that while the sperm-duct conveys oidy the masculine essence from 
centre to periphery, the oviduct conveys the feminiiui material from 
centre to periphery, and also the male essence in tluj opposite 
direction ; for upon coitus, which is direct in all bii’ds, the sperma- 
tozoa deposited in the cloaca of the female find their way up 
through her oviduct to the ovary, there to accomplish impregnation 
of the ovarian ovii, the fecund product then passing down })y the 
same avenue. All that relates to the mysteries of generation — both 
the structure and function of the reproductive organs, and the 
maturation of the product of conception, is j)roperly 0(dagg (Or. Cdw, 
von, an egg) ; though the term is vulgarly used to signify merely a 
description of the chalky substance in which the egg, of a bird is 
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finally invested. The anatomy of the egg is Emhryolojtj. An egg, 
or omm^ is simply the product of conception up to the time that 
product acfpiires an independent existence ; while still connected 
with the female tissue of the ovary, and before or after it amalgam- 
ates with the male element, it is an ovarian ovum ; more or less 
incompletely matured, it is an emhryo or fcetus — the former term 
being commonly applied to the unhatched young of birds. The 
only difference between the “ egg of a “ vivi])arous ” mammal and 



Kkj. 10;’.. - - Urot^ciiital Fio. 101. — Uroj;o>iit.il or^jiuis of Fir;. 10.'..— Urogenital 
organs of male viiil>ryo liint ; female embryo binl ; from Owen, org.ans i>f the domestic 
from Owen, after Mulli-r. a, after Muller, r/, kidneys; Wolf- cock; after Owi-n. a, 
kidneys ; 1;, ureters ; e, Wolf- tian bodies; r, genital gland, to testis; ti, ei>ididymis ; e, 
tian bodies; </, their dmds, become ov.'iry ; (f, adrenals ; r, ure- sperm-duct or vas de- 
to beeonn* sj>enn-dnet.s ; /, ters ; /, Wolftian <lu<*ts, to disap- ferens; (/, adrenal; A', 
genital glands, to become pear Mullerian duets, to become cloaca; .»•, kidney; y, 
testieles adrenals. ovkluets. ureter. 

that of an “ oviparous bird is in the albuminous and cretaceous 
envelopes of the latter, and its speedy expulsion from the body of 
the female to be hatched outside, without anatomical connection 
with the mother after the hard shell is formed ; wheretts in most 
mammals the ovum is retained iu a dilated part of the Mullerian 
duct (uterus or womb) until it “ hatches ” ; but mammal and bird 
alike “ lay eggs,” the essential germinative part of which is identical. 
Appreciation of these facts, and a proper idea of the relations of 
the mature sexual organs to the Wolffian bodies, is necessary to 
any nnderstauding of the parts and processes concerned in repro- 
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duction.^ AV e have here to consider the permanent as distinguished 
from the transitory kidneys, and may then recur to the subject of 
generation. 

The Kidneys (Lat. renes, Engl, reins^ adj. reml ; Figs. 103, 104, 
a; 105, a-) differ much from those of mammals in physical 
characters, though identical in function — that of straining off from 
the blood certain deleterious substances in the form of urea ; 
whence they are sometimes called emulgcnt organs. Their office of 
purification is analogous to that of the lungs, which decar])onise the 
blood, and to some extent vicarious, as is that of excretory organs 
in general. As the lungs are closely bound down to the thoracic 
region of the trunk, so are the kidneys impacted in the pelvic 
region, l)eing moulded to the many sacral inequalities of surface. 
They are paired, but sometimes connected across the median lino 
by renal tissue ; they have no special renal arttuy, but derive their 
blood from various sources ; and blood from them takes part in the 
hepatic portal system, no reniportal being accomplished. They have 
little or nothing of the particular mammalian configuration which 
has made “ kidney-shaped a common descriptiye term; being 
elongated, somewhat parallel-sided, and rectangular, flattened bodies, 
lobated into a few large compartments, and lobulated into many 
lesser divisions ; their figure dc[)ends much u[)on that of the pelvis. 
They are very dark coloured, rather soft, easily lacerable, and 
appear to the naked eye to be of a granular substance, without 
distinction of “cortical ” and “medullary” portions. Nor is there 
any “pelvis” of the kidneys in which the uriniferons tubules empty 
together by numerous ducts as in a common basin. Each %mkr 
(Figs. 103, h ; 104, c; 105, y) or excretory duct is formed by 
reiterated reunion of the tuhiili vrhiifan, after the manner of a 
pancreatic duct; each iq’cter passes down behind the rectum and 
opens into the lower back part of the cloaca — much like a 
mammalian ureter into the base of the Idadder. The original 
cavity of the allantois remains to furnish no more of a urinary 
bladder than some special dilatation of the cloaca represents ; but 
this rudimentary bladder, as distinguished from the urogenital 
sinus in which the ureters terminate alongside the sperm-ducts, is 
well marked in some birds ; being in the ostrich, for example, a 
considerable enlargement of the cloaca between the termination of 

* The matter may be further illustrated by the two li^oires borrowed from Owen 
(after Miiller). In both figures, the large dark masses, a, are tlie ])ormanent kidneys, 
whose ducts, h in Fig. 103, « in Fig. 104, are the ureters, emptying itito the cloaca. In 
Fig. 103, male, c is the Wolffian body, whose duct, d, persists as the sj term -duct, con- 
veying semen from e, the testis. In Fig. 104, hia die Wolffian body, whose duct,/, dis- 
appears ; and f/ is the Miillerian duct, becoming the oviduct, to convey the egg from c, 
the ovary. Thus e, Fig. 103, and c, Fig. 104, are the homologous genital glands, becoming 
either testis or ovary ; but the sperm-duct, d. Fig. 103, is not the oviduct, Fig. 104. 

Y 
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the rectum proper and the urogenital compartment of the sewer. 
The renal excretion is not watery as in mammals, but semi-solid, 
and voided with the fieces, of which it forms part. 

The kidneys are capped by a pair of small yellowish bodies, the 
suprarenal capsules or adrenals (Figs. 103, f ; 104, lOo, d), the 
nature of which i.s undetermined. They are chiefly interesting to 
the practical ornithologist from their liability to be mistaken for 
testes in examining siiecimeiis for sex (see p. G8). 

Male Organs of Generation. — The testis (Lat. testis^ pi. testes, 
a witness ; Fig. 105, a) or testicle has been already sufficiently noticed 
as to its general appearance and position (p. 69). As said above, 
it is the essential male organ, consi.sting of the primitive indifferent 
genital gland (Fig. J03, e) in its highest state of development as a 
tubular secretory organ, connected with the remains of the Wolffian 
body as a part of its efferent structure (epididj/mis;' 105, h) and 
with the original Wolffian duct as its vas deferens (Figs. 103, d, 105, 
r), or efferent duct, by whicli th(‘ semen is conveyed to the cloaca. 
The original glands normally remain paired, and both are usually 
functionally develope<l to corresponding size, shape, and activity ; 
they remain in their embryonic situation in front of the upper part 
of the kidneys ; and such difference of appearance as tliey present 
under different circumstances is mainly seasonal. For Inrds, as a 
rule, procreate only at particular times of the year, rarely having 
more than one or two broods of young ; the functional activity and 
quiescence of the* testes correspond, as the enormous swelling of 
the gland during the breeding season is one of the ])eculiarities of 
the bird’s organ. This may be related to the absence, in birds, of 
specially formed resicida^ senriiKdes^ or seminal reservoirs ; though 
certain contortions and dilatations of the sperm-ducts which are to 
be observed may inqicrfectly answer to d^jtaiii the secretion until 
circumstances render it available. The passage of the sperm-duct 
is along the face of the kidneys, generally in company with the 
ureters; the opening is ]>y a ])apilla upon the surface of the uro- 
genital sinus. These papillose terminations of the sperm-ducts 
are erectile to a degree, and answer the purpose of paired penes in 
those birds which are not provided with better-formed copulatory 
parts. In coitu the cloacal chambers containing the orifices of the 
genital ducts are opened, and the more or less protruded pa}>ilke 
come in contact or close juxtaposition. In cases in which a penis 
or two penes are developed, the urethral passage is a groove, never 
a tube, though cavernous and even muscular tissue may be de- 
veloped ; and in any case of such an intromittent apparatus, it has 
cloacal invagination when not operative. These organs, in all their 
variety, are of the sauropsidan, not mammalian, type ; though in 
some respects the structure approaches that seen in the non- 
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placental mammals. No prostate or Cowperiau glands exist in 
birds. 

The sole office of the testis, or oojihoron viascuUm(m, is the 
secretion of semen, associate structures being simply accessory tor 
the conveyance of that vital substance and its transference to the 
opposite sex. The seminal fluid itself is 
merely the vehicle of transport of the sperma- 
tozoa, in which their activity may be freely 
exercised in their intuitive struggles to gain 
access to their mates in the ovary. It is 
literally a “ sea of life ” in which the mi mite 
creatures swim in shoals to their destiny — 
and their fate in any case is death. If tln'y 
successfully buftet the waves of fate they find 
a watery grave in the ovum at last ; if tliat ^ciomcsuc’' 
haven be not reached thev simph' iierish in n')m nvv. n, ato 

mid-ocean. Ihe sjiermatozoa, or seminal 
animalcules, or male Diftiamamaixr (Figs. 100, 107), are the 
exact counterparts of ovarian ova, in so far as they^are single-colled 
animals of a very low grade of organisation ; luit their activity and 
intelligence are marvellous, and still more so is the mysterious attri- 
bute with which they are endowed of assimilating their })rotoi)lasmic 
substance with that of the ovum ; with the result that tin? thus 
fecundated ovum is capable of ^irocn^ating itself 
by fission for a period until a mass of similar 
creatures is engendered ; from which mass is thmi 
speedily evolved the complex ])ody of the Bird. 
The corresponding female hjinamanarhin (ovarian 
ova) are sim})le S])herical animalcuhjs, physically 
indistingijishahle from an ordinary encysted AnaelKf ; 
hut the spermatozoa are remarkably distinguished 
in app(*arance, furnishing probably the Ix^st marked 
of case of sexual characters to he found aiiujiig tlie 
to Avliicli class of aiiiiiials they belong. Tin? 
Wa-iu*r aiidLeuck- spermatozoa resemble flagellate infusoria or ciliated 
endothelium cells, though they each have; but a 
single whip. They are of extremely minute size, much smaller than 
their females, and filamentous ; more or less thickened and some- 
times wavy at their nucleated hea<ls, whence i»rotrudes an cx(;c‘ssively 
delicate thready tail, endowed with great vibratory energy. They 
may be likened to diminutive attenuated tadpoles, which swim by 
lashing the tail in the seminal fluid. Under the microscope shoals 
of these curious creatures may be seen swimming in the sea, nosing 
about in search of the ovum, butting their heads in wrong places, 
backing out and trying again in another direction ; with«uch success 
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that out of myriads a score or so may gain their end. It will be 
seen that they have a long journey to accomplish ; for, liberated in 
the cloaca of the female, they have to swim through the whole 
length of the oviduct to the ovary. Besides such physical differ- 
ence between the male and female Dymmamcehce as I have indicated, 
they differ in their place and mode of birth ; and in this difference 
lies the very gist of sex. The original indifferent genital gland 
above described, arrested, as said, at a certain stage of development 
and therefore female — the ovary — produces its eggs from its surface- 
cells, which subside into the ovarian tissue, and are quietly packed 
away there as ovarian ova, ready to ripen and awaken to impreg- 
nation in due course. The same gland, further developed into a 
testis, gives active birth to the spermatozoa in the tubules of its 
complicated interior tissue. In the former case, the superficial cells 
slowly ovulate ; in the latter, the cells lining the interior speedily 
spermate; in a word, the testis is as literally riiyxirous as is the 
ovary onjnmnis — and these conditions are certainly no insignificant 
indices of relative development in the scahi of being. The spermatozoa 
appear in some ^animals to be set free in myriads from the walls of 
the seminal tubules whence they directly issue ; in birds, they are 
descrilied as appearing coiled or otherwise packed in delicate sperm- 
cells, which speedily rupture and discharge the creatures in the 
current of tlie seminal tliiid, where they take up the course and 
disjday the energetic actions above noted. Either case has its 
]»arallel among ordinary lh*otozoans ; the former corresponding to 
the process of budding or gemmation, the latter to that of interior 
fission and discharge of numerous jirogeny by rupture of the en- 
velope. The final conjugation of spermatic filaments with ovarian ova 
is simple fusion, such as any ordinary sexless amceboid animal may 
practise to blend its protojdasmic substance with that of another. 
But there is this difference, that in the case of Dywniuimmha it is a 
true sexual congress, usually jHlytntdrous,^ and still more of a one- 
sided affair in that the female Dynumamccha is at the time in a more 
or less ([uiescent encysled state. 

Female Organs of Generation. — The connection between the 
male and female organs of generation is naturally so close that in 
what has preceded it has been scarcely possible to speak of the 
former without reference to the female counterparts. I have thus 
far endeavoured to state clearly the nature of the originally sexless 
genital gland ; the difference in the same gland when afterward 
sexed male or female ; and the character of the spermatic offspring 
of the male gland. In reading that lesson the novice in such 
Eleusinian mysteries must not mistake the language I have used to 
describe the male Dymnmumvha, or spermatozoon, as applicable to any- 
thing in the.-development of the female Dynamaiimhy or ovum, into 
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the chick ; for all said thus far only relates to the hringiiig of the 
spermatozoon into contact with the ovum, preliminary to the initial 
step of the ovum in its course of development. It is this female 
Di/n(imamoeha — this primitive ovarian ovum, the germ of the chick, 
which corresponds to and is the counterpart of the male D/fmnih 
tono’buj on meeting and mingling with 


which fecundation is accomplished ; 
the impregnated ovum being then em- 
powered to take up its marvellous 
march. Conjugation of the opposite 
DyiiamamcebcG occurs cither in the 
ovary or upper part of the oviduct — 
most probably the former. One or 
several spermatozoa — usually more 
than one — accomplishing their journe}’ 
up the oviduct, and finding their 
affinity, insinuate themselves into the 
substance of the ovum, and die there, 
dissolved in amorous pain ; that is to 
say, they melt into the substance of 
the ovum. The now fertile result, 
consisting of the mingled pruto]>lasm 
of the oi^posito amcebas, is to all 
appearance precisely the same as the 
original infecund ovum — yet there is 
all the difference in the world, as the 



result shows. 


The general character of the ovary 
of a bird has lieen already indicated 
(p- principal superficial 

difference in appearance when the 
ovary is in functional activity from 
the corresponding organ of a mammal, 
is that the pva develop to such a size, 
in ripening in the ovary Ijefore leaving 
it for the oviduct, that the organ looks 
like a bunch of grapes — very large 
and conspicuous. The oviduct is the 
musculomembranous tube (modified 


Fio. KJS.— Ffiiialc orgiuis of doiiM'.stic 
fowl, in activity; IVoin afti'r 

Ctirns. a, h, c, d, mass of ovarian ovii, 
in all staj^rs of (li-vidopniont ; b, a vijn! 
om* ; r, its stij^ina, wlicrc the (»vi^^lC or 
calyx rnptiircs; d, a rupturiMl empty 
cjilyx, to Im alisorbcfl ; e, infumlibnlnm, 
or funnel-sliapcd orilicn of tliti oviduct ; 
/, iM-xt portion of oviduct; ij, follicular 
part <tf oviduct ; rn, m(*somctry, mcui- 
branc stcadyin;^ the f)viducL; tin; rc. 
fereiicc-liuc, m, ertvsses tin* coustrictcfl 
part or isthmus of the oviduct; these 
]iarts secrete the. white of tin* 
Khell-formiiic or jjteriiie ]ifirlof oviduct, 
in which is a complcteil e^^', i ; /, lowest 
or vaginal jiart of ovi<luct, ojwning into 
urogenital sinus of tlm cloaca, v. ; 0, 
anus. 


Miillerian duct) which conveys the ripened ovum, and in its passage 
provides it with a quantity of white albumen, and finally a chalk shell. 
A bird’s oviduct is the strict morphological homologue (p. 1 03) of a 


mammal’s Fallopian tube, uterus and vagina — more accurately, of 
one Fallopian tube, one-half of a uterus, and one-half of a vagina ; 
for the uterus and vagina of a mammal result from ,the union of 
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both Mullerian ducts ; whereas in a bird only one — the left usually 
— is normally developed. Functionally, the oviduct is also analo- 
gous (p. 103) to the mammalian uterus, inasmuch as it transmits the 
product of conception, and detains it for a while, in the initial 
stage of its germination, as we shall see in the secjnel ; though all 
but the very first steps in the development of the chick are taken 
during incubation, tlic egg having so hastily left its uterine matrix. 
These structures — ovary and oviduct. Fig. 108 — are most con- 
venientl}^ described as we trace the course of the ovum from its 
origination to its maturity. This record differs considerably from 
the corresponding course of events in a mammal, inasmuch as the 
ovum of a bird, though primitively identical with that of any other 
animal, acquires special albuminous and cretaceous envelopes which 
the mammalian ovum, developed in the body of the parent, does 
not require. The process is termed ovulation. Ovulation, which is 
the formjition of an egg in the bird, must not be confounded with 
(/ermhuUion, Avhich is the formation of a bird in the egg. The 
former can be accomjdished by the virgin bird, which may lay eggs 
scarcely differing in appearance from those which have been fecun- 
dated, but germination in which is of course impossible. The course 
of ovulation, and afterward of germination, is now to l)e traced. 

Ovulation. — The ovum begins as a microscopic point in the 
ovary, the stroma or tissue of which is packed with these incipient 
eggs. It is primitively just like any other female Dijtmmamceha^ 
from that of a spdnge up to that of a Avoman — a naked simple cell, 
capable of exhibiting active amaff3oid movements. It consists of a 
finely granular ])rotoplasm, the vitellus^ or yelk, enclosed in a delicate 
structureless cell-Avall, the vitelline mernhrane, called the zona pellucida 
from its appearance under the micro.scope. Imbedded in the vitellus 
is a nucleus, or kernel, the germinal vesicle in this is a nucleolus, or 
inner kernel, the germinal sgmt. The ovum occupies a tiny space in 
the ovary, the cellular walls of which constitute an ovisac, or Giraajian 
follicle. Now if such an ovum as this were mammalian, it would, 
without material change, burst the ovisac, be received into the Fallo- 
pian tube and conveyed to the uterus ; Avhere, supposing it already 
fertilised, the Avholc of its contents Avould develop into the body of 
the embryo. It would therefore be Jwloblastic (Gr. oA.o«j, holos, the 
whole ; ftXcurrLKik, blast ikos, germinative). It is different with a 
bird or other “ oviparous ” animal, the egg of Avhich has to hatch 
outside the body ; for provision must be made for the nourishment 
of the developing chick, thus separated from the tissues of its 
mother. Such provision is made by the accumulation about the 
ovum of a great quantity of granular protoplasmic substance, which 
forms nearly all the large yellow ball called in ordinary language 
“ the yelk ” of an egg. None of this adventitious substance goes to 
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form the embryo ; it is what the embryo feeds on during its forma- 
tion. A bird's egg is therefore mcrohlasUc (Gr. /icpo§, mews, a part, 
and pXaiTTtKik), and we must carefully discriminate between the 
great mass of yellow food-yelk, as it may be called, and a small 
quantity of “white yelk,” the true germ-yelk, which alone is trans- 
formed into the body of the chick. The latter forms the ci rat rich, 
vulgarly called the “ tread ” ; that small disc, visible in most birds’ 
eggs to the naked eye, which appears upon the surface of the great 
yellow ball, floating in a pale thin yelk which j)enetrates the denser 
and yellower food-yelk by a cord of its own substiincc leading to a 
central cavity, the false-yelk cavity, around which the food-yelk is 
deposited in a series of concentric layers like a set of onion-skins. 
The whole mass is surrounded by a delicate structureless yelk-skin, 
called the vitelline memlranc (whether this 
be the original vitelline membrane of the 
Jjjpytnvtnueha or not ; Le. whether the 
food-yelk has accumulated inside or out- 
side the original zona pellucida). All this 
enormous accumulation, effecting what is 
called a metovuin or after- egg to dis- 
tinguish it from the protovum, or primi- 
tive state of the egg, goes on in the 
ovary, and in the ovisac of each ovum ; 
with the ripening of the ovum, the ovisacs 
become distended to a corresponding 
size, and the whole ovary acquires the 
familiar bunch - of - grapes appearance. 

AVith such maturation of the fruit, the 
connection with the rest of the ovary 
lengthens into a stalk, or 'pedicel, by 
which the ripe oviun hangs to its 
stock, like any fruit upon its stem, 

ready to burst its skin and fall into the open mouth of the oviduct. 
Such rupture of the Graafian follicle (ovisac), in its now distended 
state known as the capside or c<(ly.r, occurs along a line where the 
numerous blood-vessels which ramify upon its surface appear to bo 
wanting, called the stigma : this is rent ; the ovum slips out of its 
calyx, like the substance of a grape pinched out of its skin, and falls 
into the oviduct. After this discharge, the empty calyx collapses, 
shrivels, and ultimately disappears by absorption. (See explanation 
of Fig. 108.) 

The ovum thus acquires the full size of its yelk in the ovary — 
becoming, as in the case of the hen, a yellow sphere an inch in 
diameter.^ Not^vithstanding its enormous di.stension with food- 

^ How grejit this is can only he appreciated hy comparison. Tlie human egg, on 



Fkj. too. — MeroblaHtic ovnm 
(y<*lk)<)f fowl, nrit. in 

si'f'tion ; art<!r a, tin* thin 

y«*lk-Hkiri, cnclo.sinf' tlie yellow Ibod- 
yelk, which is dejw.silcd in concen- 
tric layers, c, d; h, the ciciitrich.! or 
tn*a<l with its nucleus, whence 
passes .1 Coni of white yelk (here 
representfcil in black) to the central 
cavity, d'. 



328 


GENERAL ORNITHOLOGY 


PART II 


yelk, it is still morphologically a simple cell, affording the maximum 
dimension of any known protozoan or single-celled animal. Enter- 
ing the oviduct, the germ-yelk part of the whole mass is fertilised 
by spermatozoa, unless this process has before occurred in the ovary, 
and in its passage through that tube the yelk-ball becomes invested 
successively with the mass of transparent albumen known as the 
“ white ” of the egg, and finally by the chalk shell — both secreted 
by the mucous membrane lining the oviduct. 

During its functional activitj^ the left oviduct (there being 
usually only this one) becomes highly developed, both as to its 
muscular walls, which by their contractility embrace the ovum 
closely and srjueeze it along, and as to its mucous secretory surface. 
It is supported by peritoneal folds forming a memuetry^ like the 
mesentery of the intestines ; its whole structure and office are quite 
like those of a length of intestine. Tlie upper end of the singularly 
serpentine oviduct is dilated into an infundihuluin, or funnel-like 
mouth, corresponding to the fimbriated extremity of the mammalian 
Fallopian tube, and constituting a morsiis dinhuli, or “ devil’s grip,” 
which gets hold of the ovum to drag it down to the common lot of 
mortals from its •high ovarian birth. The infundiliulum receives 
from the mesentery a delicate tunic of unstriped muscular fibres, 
which arc so disposed as to dilate that orifice for the reception of 
the ovum ; and during the venereal orgasm the mouth of the tube 
is supposed to seize u])on the ripest egg. The actual anatomy of 
the arrangement, ii^id the whole oi)cration, is strangely suggestive 
of one of the oldest myths respecting the serpent which bore the 
egg of the world in its jaws. The mucous lining of the oviduct 
consists of a layer of ciliated epithelium; the membrane has a 
difterent character in successive portions of its extent. Above, 
when the tube is not distended with its burthen, the lining is 
thrown into lengthwise folds, which lower' down become spirally 
disposed, and then longitudinal again before they cease. This 
rugous j)ortion of the tube is beset with mucous follicles, which 
secrete “the white.” The oviduct, after contracting at a point 
called the isthmiiSj enlarges to a calibre sufficient to accommodate 
the egg in its shell ; for this is the shell-forming part, homologous 
with the mammalian uterus (a sinister semi-uterus at least), lined 
with large villi, and beset with the follicles whose secretions calcify 

escaping from the Graafian follicle, is said to be from to of an inch in 
diameter. Taking it at there would be 40,000 in a square inch, and in a cubic 
inch 8,000,000. The largest bird’s egg known, that of the ^Epyornis, is said to have 
n content of about a gross of hen’s eggs — 144. Supposing the yelk of the jEpyoniis 
egg to bear the usual proportion to the other contents of the shell, and allowing for 
the dilVerence in bulk between a sphere and a cube of equal diameters, there would 
still be somewhere about a billion human eggs in one Jipyonm egg-yelk — roundly, a 
mass of them equal to that of the germs of more than one-half of the present popula- 
tion of the globe. 
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the egg-shell, and decorate it Avith pigment. The rest of the tube 
is vaginal, being merel}^ the passage-way by which the perfected 
ovum is discharged into the cloaca, to be expelled per amim. The 
muscular walls of the oviduct consist of both circular and longi- 
tudinal unstriped fi])res, like those of intestine — the latter especially 
in upper portions and at the infundibulum, the former more con- 
spicuously below, where they form a sort of as* tinccc at the bottom 
of the calcific portion, and a kind of sphincter iwjince at the end of 
the tube. A recognisable clitoris is developed in many birds. 

The deposition of the white and of the shell remains to be 
noticed. The first deposit U[)on the yelk-ball consists of a layer of 
dense and somewhat tenacious albumen, called the chalazifcrovs 
memhranc (Gr. 

about ^the 'axis of the 

is drawn out into threads 

, ., 1 /? Fk;. no.— Ifcn’s Tiat. si/i>, in sijctioii ; lioiii OwTii, 

at opposite poles ot tlie after a. ThomiKSon. cicalriolo or “ treaO,” with its 


nat. si/i', in section ; IVoiii Owen, 
a, cicalriolo or “ treat!,” with its 


n<ffr Thncn flirmrle wViiVVi “nclcus, <»f wliiUi K' rJ»-y<‘ll^. lloatiii;' on surface of i.ah 
-tnese tnieaUS, Wilicn thin nutritive yelk, huitlin^ to central yelk-cavity, j;; n, 

liecome twisted in 0p])0sitc yclk-l»all, <lc]«..site»l in the successive layers, 

. A I fornuiij^a setol /(u/c/ics, ainl enveloiieil in theclialazilerous 

directions during the ro- menihrane which is spun out at opposite poles into the 
... e , twisted strinj's, chalazjc, c, e; />, //, suc(:essi\c invest- 

tatlOn Ol tne egg, ai^e meiils of softer Wliiteallminen; d, nitunhrana ])utaniinis, 

pullpfl flml n • tlipv n T’p the **soft shell or ejrp-pod hetwecsi layers ot which at 

caneu cnctuua, , rney aiC the Kreat end of thee-- is the air .space, /; e, the shell. 


, p .7 ^ iwisu'O srrni-s, eiiaia/.ii*, c, c, o, siioi;i.-s->i \ i- 

tatlOn Ol tne egg, ai^e laeuls of softer white allminen ; d, nitunhrana ])utaniinis, 
pollpfl flml n • tlipv n T’p the **soft shell or ejrp-pod hetwecsi layers ot which at 
caneu cnctuua, , rney aiC the Kreat end of thee-- is the air .space, /; e, the shell. 

the “strings,” rather un- 
pleasantly evident in a soft-boiled egg, which serve the im- 
portant o^ice of mooring and steadying the yelk in the sea 
of white by adhesions eventually contracted Avith the membrane 
which immediately lines the shell. They are also entrusted 

with the duty of ballasting, or keeping the yelk right side up. For 
there is a “ right side ” to the yelk-ball, being that on which floats 
the cicatricle, or “ tread.” This side is also the lightest, the white 
yelk being less dense than the yellow ; and the chalaza3 are attached 
a little beloAv the central axis. The result is, that if a fresh egg be 
slowly rotated on its long axis, the tread Avill rise by turning of the 
yelk-ball in the opposite direction, till, held by the twisting of the 
chalazaj, it can go no farther ; when, the rotation being continued, 
the tread is carried under and up again on the other side, resuming 
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its superior position as before. After all the spiral layers of soft 
white are laid on, a final covering of dense albumen is deposited at 
the isthmic part of the oviduct. This forms a tough tunic called 
the mmihmnd putamini^ (Lat. putarnm, a peel, rind), or “ egg-pod ” ; 
it is the final envelope of such a “ soft-shelled egg ” as a hen drops 
when deprived of the lime required to enable her to secrete a hard 
shell. In the uterine dilatation of the oviduct a thick white fluid 
charged with earthy matter is exuded ; this condenses upon the 
egg-pod and forms the shell. The composition of this earth is 
chiefly carbonate of lime (common chalk), with some carbonate of 
magnesia, and phosphates of both of these bases — thus like that of 
bone as to ingredients, but in very diflerent proportions. The shell 
does not simply overlie the pod in a distinct sheet, but is intimately 
coherent, the microscopic crystals or other particles of the earthy 
matter lieing deposited in tlie matted fibrous texture of the pod. 
The connection is most intimate in fresh eggs ; after a while, layers 
of the pod separate at the butt of the egg, forming the large 
air-space which every one has noticed in that situation. The 
shell being very jiorous, readily admits air. The air-space enlarges 
during incu))ation, and the pod becomes more and more distinct 
from the shell, which latter also increases in porosity and fragility 
toward full term.” The rough or smooth appearance of an egg- 
shell, the pores which may be visible to the naked eye, and other 
physical characters, arc due to the impression made upon it by the 
lining mcmlu'anc of the “uterus.” The superficial deposit of chalk 
is so heavy, in some cases, a.s those of cormorants, etc., that it may 
be scrajied off without interfering with the texturally firm shell- 
substance underlying. All the coloration of egg-shells, which 
frerpicntly makes them pretty objects, is simply the deposit of pig- 
ment granules in or upon the shell. Such deposit may be perfectly 
uniform, as it is in the bluish -green egg of a robin {Turdn}< migm- 
forius\ for instance, but it is oftener spotty — either upon a white or 
a whole-coloured ground. The l^rowns and neutral tints are the 
usual colours, particularly a bright reddish-brown ; the ^ame, lying 
in instead of upon the shell, gives the grays, “ lilacs,” and “ laven- 
ders” so well known. In ptarmigan, the pigment is so heavily 
deposited that tlie egg comes out pasty on the surface ; a sign of 
“ fresh paint ! ” one must not disregard if he would not spoil the 
decoration. 

Oviposition. — The energy and rapidity with which the processes 
involved in the manufacture of so complex a product as a bird’s egg 
is now seen to be are extraordinary. A domestic fowl may lay an 
egg every day for an indefinite period. It is difficult to say how 
quickly ai,i egg may ripen in the ovary ; for, during the activity of 
that organ, several or many are to be found in all stages of im- 
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maturity, and the date of the initial impulse cannot well be deter- 
mined. As there is probably but one egg at a time in the oviduct, 
the whole process of finishing off the yelk-ball with its chalaziform, 
soft albuminous, putaminous, and calcareous envelopes may go on 
in twenty-four hours, most of which time is consumed in the shell- 
formation. The number of eggs matured by the human female is 
or should be thirteen annually ; this is no large number for many 
of the gallinaceous and anatine birds to deposit in about as many 
da3^s. But a probable average number is five or six. Defeat of 
the procreative instinct fron> any accident is commonly a stimula- 
tion to renewed endeavours to reproduce ; and very many birds 
rear two or three broods annually, though one clutch of eggs is the 
rule. Many, such as auks, petrels, and penguins, lay a single egg. 
Two eggs is the rule in humming-birds and pigeons. Three is 
normal to gulls and terns, though these often have but two. Four 
is the rule among the small waders of the limicoline groups. Some 
of the small Oscines lay over the average, having eight or ten ; among 
these, the European sparrow, Pai<ser domedicus, is probably the most 
prolific. The parasitic cuckoos arc said to lay the^relatively smallest 
eggs ; that of the Ap(m/:n is said to be the largest, weighing one- 
fourth as much as the bird. The usual shaj^e of an egg has given us 
the common names oval, ovate, and ovouhtl, for the wt^ll-known figure. 
Some, as those of owls, woodpeckers, kingfishers, and others, more 
or less nearly approacli a spherical shape. Egf^s of grebes, herons, 
totipalmate birds and various others arc rather elliptical, or equal- 
ended, and narrow in j)roportioii to their length. Eggs of the 
limicoline group are generally pyriform, — very broad at one end 
and narrow at the other. But the eggs of all birds vary more 
in size and shape than some of the devotees of theoretical oology 
admit in their practice^ The variation so well known in any breed 
of domestic fowl is scarcely above a normal rate. The short 
diameter, corresponding to the calibre of the oviduct, is less vjiriablc 
than the long axis ; for when the quantity of food-yedk and >vhite, 
upon whitjh the difference in bulk depends, varies with the vigour 
of the individual, the scantiness or redundancy is expressed by the 
shortening or lengthening of the whole mass. The egg traverses 
the passage small end foremost, like a round wedge, with obvious 
reference to easeof jiarturition bymore gradual dilatation of the outlet. 

Germination. — Leaving now all the accessory jiarts of an egg, 
let us confine attention to the fjenn-yelk, or “ tread,” which is alone 
concerned in the germinative process. Recurring to the female 
Dynamimveha, consisting of granular protoplasm (vitellus) included 
in its cell-wall (vitelline membrane) and including its nucleus and 
nucleolus (germinal vesicle and germinal spot), we will,trace it up 
to the time it begins to take shaj^e as an embryo chick. At first. 
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as I have observed before, it is like any other amoeba ; the first step 
of development is probably a retrograde one ; for if there ensues, 
when the spermatozoa melt into the ovum, the result affirmed for 
mammalian ova, the original germinal vesicle and germinal spot 
diHa]);pear, and the whole content of the ovum proper is simply a 
homogeneous mass of granular protoplasm. In this retrograde step, 
the organism, at the lowest possible round of the ladder of evolu- 
tion, is called a wmeruht. The germinal vesicle and spot, however, 
arc speedily reconstructed, and the ovum looks precisely as it did 
before. But observe that the actual difference is enormous; for it 



Fio. 111. — SoiXTiKMitnfioii of tile vi(<-llu.s by «liscoi<lal clcuva^c, (liajrr.'iiiiniatic, X about 10 time.-?, 
after llaookel. Only tlie “tread,” eioatrielo, or genu-yelk (Figs. 10i>, b, 110, .1) is repre-sontcMl, 
as no other i)art of the whole yelk-ball undergoes the process. A, separation into 2 ; Jl, into 1 ; 
(7, into !(’*, by 8 radial and 1 concent rie ‘furrow ; D, into many parts, by 10 radial and about 4 
concentric furrows ; 04 radial an<l about 0 concentric furrows ; F, the whole tread bri^kcii up 

into a nmlberry-inass (iiKiruhi) of cells. 

now consists of the blended substance of the original ovijm and of 
the spermatozoa ; and in this duplex or bisexed state, before any 
further step is taken, the creature is called a cytuh ^ — the parent 
cell of the entire future organism. In the former state it could 
reproduce nothing, not even itself ; for it is the strange physiological 
law of a Difuamamreba that it cannot reproduce like an ordinary 
cell, but must evolve an entire organism, like both of those two whose 
vital forces it concentrates, summarises, and embodies, — or nothing. 

The first change in the parent-cell is that by which it becomes 
broken up into a mass of cells, each of which is just like itself. 
This process is called segmentaiion of the vitellus ; each one of the 
numerous resulting cells is called a cleavage- celL The nucleus of 
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the parent-cell divides into two ; each attracts its half ot* the yelk : 
the halves furrow apart and there are now tico cleavage- cells in 
place of the one parent-cell. A furrow at right angles to the first, 
and redivision of the nuclei, results in four cleavage-cells. Radiat- 
ing furrows intermediate to the first two bisect the four cells, and 
would render eight cells, were not these simultaneously doubled by 
a circular furrow which cleaves each, with the result of sixteen 
cleavage -cells. So the subdivision goes on until the parent -cell 
becomes a mass of cells. This particular kind of cleavage, by radiat- 
ing and concentric furrowing, is called discoidal, and the resulting 
lieap of little cells assumes the figure of a tliin, flat, circular disc. 
Segmentation of the vitellus, in whatever manner it may go on, 
results in a mulberry-like mass of cleavage-cells ; and the original 
cytula has become what is called a moruh. This process and result 
arc clearly shown in Fig. Ill, A-F. 

The morula or mulberry-massed germ of which the “ tread of 
a bird’s egg at this moment consists increases by multiplication of 
cells, and the disc is lifted a little aAvay from the mass of yellow 
food-yelk upon which it rests, like a watch-crystal from the face of 
a watch. This disposition of the greatly multipfied cells in a hnjcr 
and their coherence forms of course a menihrane, — the hladodcniiic 
membrane^ or blastoderm (Fig. 112, />, h). The cavity between the 
blastoderm and the mass of food-yelk is called the clearage cavifi/j s. 
At the stage when the blastodermic membrane and cleavage-cavity 
are formed, the germ is called a hlastida^ or ffrntt-vesirh\^ and the 
])rocess by which the morula becomes a blastula is called hlastnla- 
tioii. Next, from the thickened rim, u\ of the watch-crystal-like 
blastuhi a layer of large eudoderm cells (Fig. 112 , C, i) separates, and 
grows toward the centre : when it gets there, of course the original 
cleavage-cavity, s, is sljut olf from the surface of the food-yelk ; a 
second crystal having grown under the first one. I’he second 
adheres to the first, obliterating the original clcavagc-cavity ; the 
germ is now obviously hvo-layerrd ; the rising of the inner layer to 
meet the puter results in a cavity between itself and the food-yelk, 
D, d. This cavity exactly resembles the original cleavage-cavity, 
but it is a very dilferent thing, being the primitive inkstival ravitg. 
The blastula, or germ-vesicle, has become converted into a gadrida 
b}’' the invaginating process just described, known as gasfrulation. 
The gastrula of a bird has the circular discoidal form wliich causes 
it to be termed a discogastrula. This process of forming a single 
blastodermic layer, with a cleavage-cavity (blastula, or true germ- 
vesicle), then two blastodermic layers, with obliteration of the 
cleavage -cavity and substitution of a primitive intestinal cavity 

1 Not to be confounded with the original “germinal vesicle” of the i)arent-cell, 
which long since disappeared. ^ 
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(gastrula), is common to all animals which consist of more than 
single cells, under various modifications and disguises ; the process 
described is that occurring in mcroblastic eggs which have a discoidal 
cleavage and form a discogastnda.^ 

What we have got now is a tread or germ consisting of a cir- 
cular concavo-convex disc of two layers of blastoderm, resting by 
its rim upon the great yellow ball of food -yelk, from which it is 
separated by a cavity, as a watch-crystal from its face. All these 
changes, up to completion of gastrulation, may go on hejore the egff 
luicJ, the tread of a i)erfectly fresh egg being already a multicellular 
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iM-in, r, h-nviiiK tin; primitive intestinal cavity, </, whicli is quite similar in appearance to 
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(liscogastrula. Since the earlier stages of tlie embryo (cytula, morula, 
lilastula, and gastrula) arc actually accomplished while the egg is 
still in the body of the ])arent, the analogy of the oviduct to uterus, 
etc., as well as its strict homology to the parts of a Mullerian duct 
so named, is not so fanciful ns some appear to think. The outer 
of the two blastodermic layers is the edodmn or epihhisf, C or i>, c ; 
the inner is the endoderni or hfipnhhtsf, i By multiplication of cells 
between the two arises the lucsohhid. The mesoblastic la3’'or of 
cells subsequently splits into two, of which the outer is tlie somuhh 
pleura, or body layer, the inner tlie sjdauchnopleura or visceral layer. 
The two-layered germ has then become four-layered. Up to the 

^ The so-oalled “ germ- vesicle ” of the holoblastic niainimilian egg is subsequent 
to gastrulation, nof. ]>rior, and is tlierefore not a blastula ]»roper. 
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time of formation of four layers, the cells are all alike, or only difler 
slightly in size, colour, or consistency. Now, however, ensues that 
marvellous process by which the indifferent cells of the blastodermic 
layers are to become diJf'f'rentiateJ in form and specialUrd in function^ 
— a sort of division-of-labour system in the infant colony of cells, 
by which some arc to learn to move, others to digest, others to 
procreate*, others to think and feel, with corresponding modifica- 
tions of form by which are generated the Osteama'ha\ Mfianiai)a\ 
Neuramojhv , — the bone-cells, muscle-cells, nerve-cells, and all others 
of the complex organism which is in a few days to come into being 
from such simple beginnings. This of course opens up the whole 
field of embryology, which we cannot here enter upon. I will only 
add, that from the epiblast are derived the integument, and its in- 
versions, as those of the eye and ear, and the brain and s])inal 
cord. From the hypoblast is derived the lining of the; alimentary 
canal and of its annexes and olfsets, as liver, lungs, etc. The rest 
of the embryo comes from the mesoblast, and most of it from the 
somatopleural layer. The fissure between the two layers of the 
mesoblast becomes the great ])leuro 2 )eritoneal cavity. 

In explaining the early embryo, I have chisely followed the 
great German morphologist Haeckel ; and the illustrations arc 
from the same high source. 

Incubation. — To induce the womlerful metamoi'phoscs just 
hinted at, it is only necessary to keep a bird’s egg at a pretty even 
temperature of about 100'’ Fahr. Nearly all birds secure this I’esult 
by the process of incubafitm. In niaii}^ cases the sun’s rays relieve 
the parent of some part of the duty. In a few, the heat evolved 
from vegetable ferment or decomposition is utilised for the same 
purpose. This seems to be the case to some extent with grel^es ; 
but these incubate. “The exception to the rule of incubation is 
given by the Megapodial birds of the Australasian Islands. A 
huge mound of decaying vegetable matter is raised ; the eggs are 
deposited vertically in a circle at a certain depth, n(*ar the summit, 
and the clyck is develoi)ed with the aid of the heat of fermentation. 
The large size of the egg relates to affording a supply of material 
sutlicing for an unusually advanced state of develo[)ment of the 
chick at exclusion ; whereby it has strength to force its way to the 
surface of the hatching-mound, with wings and feathers sufficiently 
developed to enable it to take a short flight to the nearest branch 
of an oV’ershadowing tree ” (Owen). The period of incubation has 
been ascertained with precision for few birds ; it is known to I’ange 
from ten days (perhaps less), as in case of the wren, to fifty or sixty 
for the ostrich. The female is usually the sitter. Frc([uently both 
sexes incubate in turn ; such unnatural care for the yo^ig by the 
male is termed double inonoyaniy. In most or all ^atlta>, in the 
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family Fliolaropodidce^ and some other Limicoline genera, the male 
incubates. Most birds attend to their own eggs ; many cuckoos 
{Cuculidce) and the species of MohthruSj are parasitical, laying in the 
nests of other birds, which are thus forced to become foster-parents 
of alien offspring, generally to the destruction of their own. This 
seems to result from some peculiarity of the egg-laying process, which 
does not permit several eggs to be incubated and hatched simultan- 
eously. It is not so unusual among American cuckoos as generally 
supposed. Tlic degree of develo})mcnt to which birds attain in 
the egg differs in Alt r ken and Fraroas (see p. 131). They })reak 
the shell by pecking at it, and struggling ,* for the former operation 
the bill is often tempered at the tip ])y a hard knob which is after- 
ward absorbed. The necessity of providing a receptacle for eggs, 
in wliich they may be incubated, results in nidification or nest-build- 
ing ; and the extraordinary taste and ability many birds display in 
this matter, as well as the wide range of their habitudes, furnishes 
one of the most delightful departments of ornithology, called ccdiology 
((ir. KaAtd, kalia^ a bird’s nest; see p. 81, note). Many In’rds 
burrow in the ground ; others in trees ; the most beautiful and 
elaborate nests af’c furnished by various members of the Oscinp.^ 
the weaver-birds of Africa (Floreidcr) probably taking the lead. 
The male sometimes constructs his own ‘"nest” apart from that in 
which the female incubates. “Certain conirostral Canforcs still 
practise in the undisturbed wdlds of Australia the formation of 
marriage-bowers distinct from the later-formed nesting-place. The 
satin bower-bird {Ftilonorhynchns livlv.'^mcens)^ and the pink-necked 
bower-bird {ChJnini/dodmi viacnluhi), arc remarkable for their con- 
struction on the ground of avenues, overarched by long twigs or 
grass-stems, the entry and exit of which are adorned by pearly 
shells, bright-coloured feathers, bleaclied bones, and other decorative 
materials, which are brought in profusion by the male, and vari- 
ously arranged to attract, as it would seem, the female l)y the show 
of a handsome establishment” (Owen). The extraordinary nests of 
the Crofojduuja are used in common by a colony of the bircl^^. “ Edible 
birds’ nests,” constructed by swifts of the genus Collocalia, consist 
chieily of seaweeds and inspissated saliva. Perhaps the most re- 
markable of all the receptacles of eggs is that which the penguin 
makes of its own body, the egg being taken in a sort of j)Ouch 
formed by the integument of the belly, something like that of a 
marsupial mammal. 
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rEiiyornis Maximus, 90 
Age, vecoguition of, 70 
Air-gun, 7 

Ala sj)uria (Alula), 102 
Alca iini>ennis, 99 

Alimentary annexes, 317 : <‘anal, 309 

Alliintois, 92, 292 

Altrieial, 131 

Amhieiis, 2^7 

Ammunition, 4, 5, 7 

Amnion, 92 

Anuebil'orm animals, 285 

Ampliicodous, 203 

Analogy, 103 

Anomalogonatous, 289 

Antebiaeliium, [n) ulna, (/>) ladiu'', l.'»8 

Antlirenus, 81 

Anlitroelianler, 219 

Aortic arclies, 93 

Ai.oj.hyses, 19!t, 202, 303 

Apteria (spaces), 130 « 

A])t<)soelironiatism, 132 

Afpu'ous liumour, 20r>, 272 

AracliiioM, 200 

Arcli;eo])leryx, 90, and it! fst rai um 

ArelietyjticaJ eliaracters, 110, and untr 

Ar.>enical soap, 39 mdc 

Arterial system, 290 

Articulation, 199 

Arytenoid, 301 

Astragalus, 91 

Atmosteon, 240 

Attypical eliaracters, HG ante 

Audition, 273 
Auk, great, 99 
Auriculars, 130, 1 13, 274 
Aves .92, 93 ; position in animate nature, 
94 ; class or an order or sub-c-lavs, 94 ; 
geological succession, 90 ; areliieo- 
jiteryx oldest known, 90 


r.Aiuu, 120 
Harbicels (c/7/r/), 120 
liarbiiles, 120 
liasitcmjKiral Ixme, 229 
Ui-anls. 1 i:, 

Ibcarotidina* normales, aves, 21M ; abuor- 
males, 29 1 

l»dl [rosl 13il, 1 10 ; (1) land birds, 
lissirosf ral, (2) tenuirostral. (3>) ileiiti- 
rostral. ( 1) e<mirostr:d, 148 ; (.a) longi- 
rosta al, (f ■)) ) •resM’rost ra),( 7 } cult rivost ral, 
(S) lamelli rostral, 1 49; covering of, 1 ."0 ; 
ccic, ir» 0 : caducous or deciduous, In) ; 
iliainpliotlici’a, {o) rliitiollieca, {!>) gna- 
tbotbcca. l.al 

Ilinomial nomenclature, 121 
liio.gcnat ion, 28 1 
Mird-liinc, 7 

birds, !io\v to trap, 7 ; bow to net, 7 ; liow 
ami wliere to seek, l.a; <pi;intity re- 
ipiired, 19 ; liow to a])proacli, 23 ; how 
to find shot, 25 ; how Dt kill woumlcil, 
25 ; liow to handle bleeding, 20 ; liow 
to carry, 27 ; how to nionnt, 00 ; 
iletinition of, 92 ; cl.'issitication of, 99 ; 
taxonomy, 100; reason lor morpho- 
logieal elassilication, It) I 
Hirdskins, liow to piejiarc, 3.8-12; (1) 
iii'^lrunients, ('2) materials, 38 ; {ii) for 
.stnlliiig, [h) for i*reserving, 39; (»;) for 
eleaiisiiig, -10 ; (//) for wrapping, 41 ; 
how to make, 42 ; {n} regular ]»n)cess, 
42-51 ; po'.itioii rifhird, 43; (//; special 
Jjroci-sses, 52-0.8 : with refcreiiee to si/e, 
52 ; sliajie, 5 1 ; thin skin, loose jiluiiiage, 
5.5 ; fatne'-s, 5t> ; bloodstains, etc., 00 ; 
restoration, 71 
blastoderm, 333 
blastula tgerm vesiele), 333 
Blood, 2.80 ; .sernni, coagnliim, jdasma, 
290 

Bloodstains, 50 

Blowing eggs, 70; method of strengthen- 
ing egg before, 79 note 
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}Jlo\v-^nui, <} 

ho<ly or Trunk (coiimis), l.‘i7 
J{on(?s — 0*3 ; ^jurnlrito, ; 
taj s.'i], !^.3 ; carjal, 1 ; inten.lavicular, 

; wisli-ljoiK; or nn'rryi}i<iu;<]it, tM ; 
sUirmiru, IM ; ilia, 91; Ifinur, 94; 
astragalus, 91 ; tibia, 91 ; tiliula, 91 ; 
iriutatarsiis, 91 ; itm-uiiiaticity of, 199 
Jiniill {r,-,rhtttiii)- (ff) })ioso/ic<'|<)ialon, 
(A) ni('scrirc|tlialoii, (<’) ojiisf licii(a*|»lia- 
loii, ((f) (licucciilialon, {( ) <‘|tcii<-<-jilia- 
lon, ; ^'(MK'ial oliarai-tcrs of, 2<»0 
iJivuMliial boMc', --(lj ceiato-, (9) cjii-, 
(.3) )»M.si-, 2‘Jb 

J {roast- bone {sf( riithu)^ 73 : U! nsf mf iott, 

137 

lircocli loador r. Mu/zlc-loador, 1 
|{ro<'cli-loa<lin!.' pistol, <J 
liiirsa l''abri<‘ii, .317 


r MUM. IS, 81 

( 'a‘ca -(</) coli, (//) iniibilical or viU-llinc, 

.3i»; 

Calamus, Il'o 
C alioloL,'y, {}{»(» ^ 

( 'ampl(tl«'miis labradoi iiis, !'li 
( 'ano-};uii, <J 

Caiilliii.s ((() aiitorior, (/-) postorior, 1 1*3 
< 'apsiib* (oaly.\\ .337 

Cardiac, 3 In 

Carpals, 91 

( 'ariMis - (/(i) .scapliolmiar«i7 (//)i’um‘iformo, 

1 bS 

Cartrid;:«'s, b 
Caruiiclo.s, l ib 
( ’a.so.s, .s I 

Caudal (Coer) oral) \iTtobra', *J09 
CoMlra, 30.'> 

Ccrolu-llum, ‘Jb'd 
(Vrrbrmn tl>rain). •JbS 

Ci'i\it al, (1) atlas, pJl axis, 'iOd ; \a-rtr- 

bi;o, 13t;, 391 

Cliala/iforoiis iiifiii braiio, 339 
Chest (thorax), 1:57 
Choroid uiembraur, 379 ; plexus, 3t59 
Ch\h‘, 39b 

Cieati’ii'le (tread), :537 
Cilia (barbiii-ls), 139 

cias.s, no 

Cla.s.siliealion iimrpholoi,deal or h<*nio- 
lotiieal, lt>l, 103 ; phvsioloj^ieal or 
analogical, 103 ; reason for imni'ho- 
logieal, 103 ; ilangers of inorphologi- 
eal, 10b ; yoidogical, lOb 
Clavicles ( /'/■/»' a/ioa\ 317 
Clavicula' ',^c«dlar bones), i:>7 
('laxvs, 19S. 19b 
Cleavage cell -in egg, 333 
Clinoivl wall, 339 . 


Clitoris, .339 
Cloaca, 9.3, 317 
Clnteh of egg4, 80 
Coaguluni, 390 
Oacyx, 199 

(Vx-cygeal 'caudal) vertebra?, 309 
Cochlea, 331 
(‘ochle.ar cavity, 37b 
Cold-taking, 39 
Collar-boiu's (cA/cbu//,'/ ), 1.37 
Columella amis (sta]>e,s), 37b 
Combs, 14b 
( ‘onimis..urc, Ibb 
Conarium (or j.incal body;, 3b9 

Condyles, !»3, i:»9 
( 'oMs]»e<-i«-s ( '>i(fi^//( ( /( s), 131 
Contour leatlu rs, 138 
( ‘ontoiir of bird, 13 I 
Coracoid, 7.3, 1.37, 3l9 
Coracostea, 3T1 
( ‘oriiea, 39b 

Coiniculiim larxngis, 301 
Corona (vertex), 143 

( 'orpns ( 'allosum, 5(3 
Cost.d procj-.ss, 311. 3l3 
Cotnonl ; coxal,' ca\ity. 319 
(haiiial bones, 337 ; nerves. 09 I 
Crests, 1 lb 
Ciic<.id, .301 

( 1 issiiiM, 1 10, 1 70 
Crotaphite dej>ressinii, 3:53 * 

Cius— In) tibi.i ; (b) libiil;!, 177, 189 
Ciyst.alliiie h iis, 39b, 371 
Culmen, maudilailar, lb3 
Cupola, 379 
Cxtula, 333 


D.miwin on plnniage, 133 

J»ecnnij»ositioii, bJ> 

Dentine, 19.8 
Deimestes, 83 
Delinestidie, 83 
Desmognathisin, 3b3 
Diajxtjibysis, 303 
l)iapljiagiu, 93 
Didiisineptiis, 91* 

Dieiiecjdialon, 3b8 
Dinornithes, 9l> 
l>iscogastrula, .‘53:3 
Ibnlo, 99 
Dogs, 14 

Dorsal part of body, 13S 
Dorsal (thoracic) \erttd)ra‘, 209 
Di>rso-lunib.ar, 308 
Doublo-barrellcil shot gun, 3 
Double inoiiogaiuy, :33b 
D roina-ognat his 111 , 349 
l^uoileniini, 316 
Dura Mater, 360 
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Dyuainama‘La, 31S 

KcDYsrs (moult), 131 
Eftoilenii (cpibla.^t), 334 
Eggs, instrmnoiits for preparing (^blowing), 
70 ; method of iiumberiiig, SO; clutch 
of, SO 

Ehfodochon (uropygial glaml\ 129 
Embryological character'^, lb/ 
Emliryology, 320 

Endodcrm (hyi»oblast), 334 ; cells in an 
egg, 333 
Eudolymph, 2S2 
Elld\•^is E.n 
Enteramo-ba, 310 
Eiu-m-eithaloii, 238 
Epiblast (ectoderm), 331 
E]iidermic, 123 
Epiclidium, 217 
Epiga'^trium, 110 
Epiphyses, 93, 199 
Equipments —miscelhaiieous, S 
Equivalence of groujis, HI 
Ethmoid, 23tl ; plate — aliethmoid, ali- 
septal, alinasal, 220 
Etypical characters, 110 /ti'if 
Eustachian tube, 231 
Exoskeletal, 123 
Extensors, ItJl 
Eye, 2t)4 
Eye-ljaby, 271 

Facial bones (or Vomer), 237 

Fallopian Nerviduct, 278 

Family, 110 

Fascia-, 283 

Fat, 50 

Fatigue, 31 

Feathers, outgrowths or appendages, not 
tegumentary exj)an''ion, 123; (A) 

•levehqmient, 121; .Nti!#4ure, main 
stem or scape sui)plement- 

ary stem {hi/jioi-Itnrhis), webs or 
vanes {r^yHUnn), scape, (//) barrel or 
quill {cdhn/ufs), 125 ; {h) shaft jfroper 
(/7o/cA/.v)fbarb {ImrJxi), barbules, barbi- 
cels {cilid), booklets {h<f,mdt)^ 120; 
(11) kinds ol — (1) contour (pf nun or 
j)/in/i<r), (2) down {jdu'niifhi), (3) siMiii- 
]tlumes {sfinijiJiiina\ (1) tilo[»luiues 
[Jilnplaiiuc), 128 ; (5) powder down 
ij/H/n'jilinnrs)^ 129 ; (C) ot the Aviiig — 
llight 102, 104 ; coverts 

(tectrUrs), alula, or ala sjiuria, 102 
Feathery structure, types of, (1) jOn- 
mous or pennaceou.s (feathery), (2) 
jdurnulaceous (downy), 127 ; (3) lilo- 
pluinaceous (hairy), 128 
Female organs of generation, 324 
Femur, 94 


Fenestra, 213 ; ovalis, 227, 275 : 

rotunda, 275 
Fibula, 94 

Fiehl'work, miscellaneous, 15 
Filopluma*, 128 
Fixtures, 41 
Flaps, 145 
Flexors, 101 
Flocculus, 277 
Foiitanelle, 213 
Food-yelk, 327 

Foot, (A) bones of, Ibigb or femur, 175 ; 
actdabulum, 170 ; crus, {<>) ti))ia, (/») 
libula, heel or silt frago, 177 ; digits or 
toes, phalanges, interm^des. meclian- 
i-'iii of, ISO ; ]>liimage of. 1S2 ; h-ngth 
of, horny integument {/x>dof/it(‘((),\S‘.)\ 
{d) scalfs {scuifl/tf), IS I ; {h) plates or 
ivtifiiliitions, (/•) graiiulaiioii or rugose, 
{(f) scabrous or searioiis, («■) i-anccllated, 
(./■) serrated, (//) liolothccal, {/i) schi/o- 
tlie.'al,lS5; (B)t\])cs of ( 1 ) insessovial 
or perching, l!)0 ; (2) ciirs«)rial or 
grallatorial (walking or wading), 193 ; 
(3») natatorial or swimming, 191 ; (c) 
palmate, {/>) L.bate, sciiiipalniatitm, 
193 

Foramen, 205; ovale, 221, 23 , 0 ; niag- 
luim, 230 ; (q>tie, 230 ; olfactory, 237 ; 
I'lieiimatii-, 210 

Forms, ((/) gcm-raliscd, (A) s]iei-ialised, 

117 

Fronlal.s, 231 , 

Furciilum (merrythought), 130; (clavi- 
cles), 217 

Fusiform, 131 

(Janclia, 257 
(lastornis parisiensis, 98 
(Jaslr;enm, (^/) breast (/d'cfds), (A) belly 
(abdomen), 1 10 
(Ja^trula, 333 
(b'ant, 99 

(Icna (malar region), 1 1 1 
(leiieration, female organs (O', 321 
fJeiiiobyoitl luusch*, 312 
(Icnital gland, 3I!t 
(lenus, 110 
(Jeimination, 331 
derm-vesicle (bbistula), 333 
derm-yelk, 327 
digerium, 314 
(riz/aid 31 1 

dlenoi<l c:i\ily, 217 
dlossoj)haryngeal nerve, 284 
(ilottiilian fissure, 301 
doiiys, 210 

draaliaii follicle (ovisac), 320 ; gula, 1 14 

dullet (oesophagus), 130, 313 

dun, double-barrelled shot, 3 ; breech- 
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lo.'nliT T. rjtiiz/le - loadt-r, 4; 

It.'irnd, 0; caiH*, ♦) ; Idow, tj ; air, 7 ; 
Ijow to cun v, *J ; liow to 10; 

ljf»\v to load, 11 ; how to shoot, 12 ; 
accich'iits from, 20 
(Jiistatioii, 283 
(luttiir, 141 

ILv.maI’oi'H\si-, 203 
lla'iiiaiaiiiodia rrut-iitata, 2in 
lla-Miatotlicrjiial, 201 
llallua-, «diar;tct(*ri'^t ifs of, lOO 
ilamiili fhooklct'.), 120 
llardcrian ;^dand, 200 
I larjtajforiiis, 00 

Ilaiimdi lionc (<is iiiiiominatum), 13S, 210 
fhaul lof) 

floait, 201 

I Icsin'ioriiis, illiislriitiiin an 07 

1 ll•t(‘lo(■M•lolls, 201 

I lomalo^ouiatoMs, 2S0 
I lomohv^fy, lO:} 
llfxikh'ts [}i(tv\iili), 120 

I I uiin'ro-si-ai'idarr, 21;* 

llumcnis, L'm 
I hiii'^fr, 31 ,, 

Hyoid holU', (.‘ovatolival, ha'-iliyrd, 22.*, 

247 ; hniia liials, 217, 218 

I lyitapopliysis, 2U3 
I lypolilast (<*ii<lo(U'rm'l, .33 1 
llyi>o(didia]i, 21 7 

Hyporha<diis, 12;"» 

ICHTHYOI’SIDA, 02 
Irhtljyornis, 00, i/histnih'on 
■ it/ir as a tt-rmiiiatioii, 120 
Ih'iini, 3H» 

Ilium, 01, 138, 210 
-ina' as a ti'rM\iiiati»m, 120 
Iiu-uhatiou, 33;'» 

Im-us, 27t) 

hifumlihulum, 270, 328 
lujtiMsoll (Mr. «m lu^t-rolhat- 

in^, 81 n<i(r 

Instad jH'sls, 82 ; how to (k‘>troy, 85 
Intermaxillary hones. 242 
Interorhital se|ilum, 220 
Intestine, 31;*> 

Intestinal eavity in an e^ri?, 333 
Iris, 205, 271 
Iscdiiiiin, 138, 220 
Isthmus of the oviduct, 328 

.Teji’NI'M, 310 

.lu.ual (<iuadratojugal) hone, 210 
ilugulum, 141 

Kidneys, 00, 03, 321 

Labels, 34 


Lahnidor Duck, 09 

Laeryinal bones, 244 ; palatinura, os, 245 
Lacteals, 29.5 

L;evo-earoti<liiKe aves, 294 

L, amina spiralis, 279 
L;uynx, 300 
Legii.ata gigantea, 99 
Leucocytes, 201 
Linguha, 224 

Liver, 318 
Lohes 1 15 
Lo]»hosteon, 212 
Lore, 1 13 

Lumhar vertebra-, 207 

Lungs, 20tl 
Lymph, 280 
Lyinph.atio, 205 

Mai.au region 141 

Malleus 270 

M. -inimalia, 02 

Maiidihle, (o) lower, tomium, 152 ; (/<) 
r:imi, (e) gonys, 152 ; (//) u)>per, 
euliueii ; (e) maxillary tomium, 153 ; 
iiostiils, 153 ; gape, 155 
M:inddtles, 117, 221, 215; (1; epigna- 
tlious, (2) liypngiiatiiou.s, (3) para- 
guathous, 148 ; (4) metagnatlious. 
IhS 

Mantle {stitiifvhna), 1 10 
Mamihrium (nr rostrum), 214 
Mjirriage howers, 330 
Marsupiuiu ju-eteii, 272 
Ma\illoi»alaline, 240 ; (suh-ocular) hone, 
224 

Maxillary hone, 240 

Measuring <*f birds, 37 ; leugtli ; extent; 
length of wing, of tail, of hill, tarsus, 
37 ; toes, elaws, liead, 38 
Meatus, 23 4 ; anditorius, 143 ; ((/) ex- 
teriius, 2? 4 ; (A) iuteriius, 278 
Meekelian eartilage, 225 
Medulla oblongata, 2t)0 
Meinhrana tympani, 228 
Meninges, (1) ]>ia mater, (2) arachnoid, 
^^3) dura mater, 20t) * 

Meiitnin, 144 
Merohhistic, 327 

Merrythonglit {finrt/lum), 73, 13G 

Mesencephalon, 258 

Mesenteries, 310 

Mesohlast, 334 

Mesometry, 328 

Metaearjms, 158 

Metatarsus, 04 

Metenoephalon, 25S 

Metosteou, 213 

Metovum, 327 

Miasm, 29 

5Ioas, 00 
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lyronerula, 332 
Monogamy, double, 335 
Morpiiology, 101 
Moi'mks diaboli, 32S 
Morula, 333 

Moult [mh/sis), number of, 131 
Mouth, 310 
Mullerian duct, 319 
Mummilicatioii, 72 
Museiilar tissue, 2S5 
Mutilation, 58 

Muzzle-loader r. breech-loader, 4 
Myain«eb:e, 285, 335 
Myeleiiceplialon (or Metonceplialon), 200 
Mylohyoid muscle, 311 

Nasal fossa (groove), 153 ; bones, 213 ; 

liolorbinal, scliizorhinal, 24 t 
Neck 13t3 ; {</) niielia, (/>) 

gala, (c) cervical, 141 
Nests, advantages of collecting, 81 nott' 
Nestor jiro<luctus, 99 
Netting birds, 7 

Neuramceba, 335 ; (e) cinerea, {h) 
Candida, 257 
Neui‘ai»()[diysis, 202 
Nictitating membrane, 26G, 207 
Niditication (iiestdmilding), 330 
Nomenclature, (^/) binomial, 119, 120; 

{fi) trinomial or trionymi<', 121 /o>/c 
Non-vascular cajullaiy, 29o 
N..t;eum, (*/) back {ffnrsum), 13S, 139 ; 
(//) rump {in'<ip//</ituii], (*•) seapulare, 
{(f) interscapulare, 139 
Note-book, best kind of, 31 
Notochord, 221 

Obskuvations, record »d', 33 

Occii»ital li<me, 230 

Occiimt, 142 

Odontolca*, 97 

Odontotorma', 97 

(Ksopliagus (gullet), 130, 313 

Oil, gland for, 129 

Olecranon, 158 

Olfaction, 203 

Ontogeny, I08 

Oology, 75, 320 

Oopbron inasculinum, 323 

Opistheijcephalon, 258 

Opisthocoilons, 204 

Ojdic nerve, 272 

Orbit of hea<l, 143 

Orbitonasal septum, 230 

Order, 110 

Oriiithicbnites, 90 

Ornitholite, 90 

Ornithology, definition, 91 

Os innominatum (haunch-bone), 219 

Ossiculum audit u s, 270 


Osteam<.>?ba', 221 ne/c, 335 

Osteiiie, 198 

Osteology, 198 

Osteoses, 199 

Otocrane, 277 

Otolith, 282 

Ovaries, Oik 93 

Ovuluet, 09, 310 

ilviparous, 92 

Oviposit ifui, 330 

Ovisac {(Jraatian follicle), 320 

Ovoviviparons, 92 

Ovulation, 320 

Ovum, 320 

Palatal, or palatine, bones, 2 11 ; strm - 

ture, types tif, 219 
Palj*tdvra! layer, 208 
PaiicU’eas, 317 
Para«-li(irilal cartilagi'. 221 
P.iraspbenoid bone, 229 
Parietals, 231 

J’arker (Mr. W. K.), (Ui tiie skull, 223 
Peetorales, 280 

IVetoral anil. (1) scajmla, (2) coracoid 
(togetlicr are s''apular arch), (3) cla- 
vicles, 215 
Pectus. 1 10 
pedi(‘el, 327 ' 

IVl\is, 137 ; {(t) ilium, {ft) iscliium. («•) 

pubis, 218 

Peiilym[)b. 282 

Periot ic bones, .232 

iVssulus, 303 

Petit, canal of, 272 

Pezopli.ips s(ditarius, 9JI 

Pha!aug«‘s, numlier of, 159, 180, 11^8 

Pliylogeiiy, lu.S 

Phylum, "lOl 

Physiological adaptations, (o) jumiali- 
jiede.s, 102 
I’ia mater, 200 
Pileiim (erowii), 142, 143 
Pineal bo<ly (or conarium), 259 
I’iunati pedes, 102 
Pistol, brce<-h-loading, 0 
Pituitary space, 221 
Plasma, 290 
Pleiirajiojiliysis, 203 
Pleurosteou, 212 

Plumage {jitilnsh), 123-131 ; changes, 
133 

Plumulri', 128 
Ihieumaticity, 109 
Piieiimatocy.sts, 290 
J^3cket lens, necessity of, 11 
Po.stfrontal ]»rocess, 231 
Po.stzygapophy.sis, 202 
Powder, 7 
Pnecocial, 131 
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rremaxillary bones, 242 
f’rfiriasal cartilage, 227 
I’n*zygapoi)liy,siH, 202 
J^rocfclous, 204 
l*rocoracoi<l, 215 
rrosericeplialon, 258 
Prototype, 115 
I'rotovnrii, 327 
Protozoa, 103 
ProveiitrifMiliis, 314 
Psilop{i‘<lic, 131 

Pterygoid bones, 210 ; ]iroeess, 242 
Pterygopalatine rod, 220 
I’teryhe (tracts), 129 

PtervJograpliv, 130 
IMilnpeslic, 131 
Ptilosis (])liini<ig(*), 123 
Ptinus, S2 

Pubis, 138 ; {n) epipubis, (/>) propubis, 
220 

Piilvipluni:i*, 129 
Pupil, 271 

I’utaniinis nuMiibraiia, 330 
P\gastyle, 100, 210 
Pylorus, 315 

<^>rAni(ATK bone, 03, 239 
<,)ii;idraloJugal (jugal) bone, 210 

|{K( TUU'Ks (rudders), 170 

I\eiiiig(‘s, ld2, Idl ; (o) primaries, IdO ; 

{i>) seeoudaries, 107 
lleptilia, 92 

lJes[)iratiou, organs of, 295 
Ketina, 272 

Uliaehis, 120 

indiieueeplialon, 295 
bibs, (^r) tix'ed, (6) lloating, (e) saeral, 
210 

Ilielal bristles {vUu'issiv), 110 
Uietus, 155 
Kigor mortis, 59 
Uima glottidis, 301 
nostrum (maniibriuuO, 214 
b’uddeis (mV/Vo w), 170 

Sacual ])lexus, 208 
Sacr()eostal, 211 
Sacrum, 138, 207 
Saiiroguathism, 255 
Sauropsida, 92 

Scapula, 137, 217 ; acccssoria, 102, 215 

Scapular aivli, 73, 137 

Scajms, 125 

Schizogiiatbism, 252 

Scrotum, 09 

Seineu, 323 

Semilunar membrane, 305 
Semipalniation, 193 
Semipluiiia', 128 


Sensorimotor, 258 
Serum, 290 

Sex, recognition of, 68 ; («) testicles, 
(6) ovaries, (c) scrotum, (rf) sperm-duct, 
{p) oviduct, (/) kidneys, [rj) adrenals, 
69 

Shoot, how to, 12 ; tini6s to, 18 
Shot, 4, 5, 7 

Single-barrel gini, 6 ; single-einarginate, 
single-notched, 213 
Sinus rhoiiiboidalis, 201 
Sitodrepa, 82 

Skeleton (A) — {(i) endoskeleton, (5) exo- 
skeleton, (t) seleroskeleton, 198 ; 
(ll)--Axial, {ff) neural arch, 200 ; (h) 
ha inal areli, 201 

Skull, 222, illustrutious^ 222, 223 

Smell, sense of (olfaction), 263 

Solitaire, 99 

Soniatopleura, 334 

Spa<’es \(i 130 

Species, 110 

Spermatozoa, 323 

Sperm-duct, 09 

Sphenoid, 23 1 

Sphenoti(‘ bone, 231 

Sphim ter vagina*, 329 

Sj>inal cord, 201 ; jjerves, 262 

Splancbnopleura, 33 1 

Sp>ir (<v//(v//), 108, 190 

Spurious, two Uses of, (c) lertiaries, 107 

S<juamosal, 232 

Stapedial, 227, 223 

Stapes {(U>J n ttv'lhi 227, 275, 270 

Steiison, duct of, 311 
Sternal {•>) ratite, (/>) carinate, 212 
Stigma of an egg, 327 
Stimu!ati«)n, 31 
Stomach, exandnation of, 70 
Sternum (or breast -bone), preservation 
of, 73 anO illustration ; avian, 211 
Subgenus, 122 

Subocular (or maxillopalatiue) bar, 224 
Subspecies {ronsjiccies)^ 121 
Sull'rago, 177 
Su)>rareual capsules, 322 
Suspeusorium, 225 
Suture, 199 

Sympathetic system, 203 
Synovia, 199 
Syrinx, 301 

Taction, 283 

Tail, (1) bony basis, (2) coccyx, (3) 
vomer, (4) pygostyle, 109 ; tail-coverts 
{tcct rices), 109 ; shape of, 173 
Tarsal bone, 93 
Tarso-iuetatarsus, 94 
Tarsus, ISO 

Taxonomy, 100 ; (1) morphological, 101 
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Tectrices, 162 
Teleotypt*, 115 
TeiiNor pataf^ii, 287 
Te.sticlfs, 69 

Testis or testii le, 69, 9o. 322 

T 1 1 a 1 a III e n c e 1 > 1 1 a 1 ( M i , 259 

Thigh l;\'7nur), 175 

Tliorat ic (ilorsal) \eitebrce, 206 

Tliorax, 93, 210 

Thyroi<l, 301 

Tihia, 91 

Times to slioot, (*() time of year, (/>) time 
of (lay, 18 ; (c) weatlier, 19 
Tinciej O'j, 329 

Tinea, (</) Jlavifroiitella, {h) tapetzella, 
82 

Till eh he, 82 

Toes ((//<///<■), number of, 187 ; <li<laetyl, 
tridaetyl, tetrailaetyl, zygoilaetyl, posi- 
tion of, 1S9 

Tomium, 155; mamliluilar, 152; max- 
illary, 153 
Tongue, 312 
'ronieily, 285 
3’opogra])hY of a bird, 131 
Trabeeiihe,‘221 

Traehea (windpipe), 7-1, 75 illustration, 
298 

Tracts (ideryh**), 129 ; (1 ) spinal or dorsal 
spinalis), (2) hiimer.al, (3) 
femoral, (1) ventral, 130; (5) head, 
(6) wing, (7) tail, (8) leg, 131 
Trapping birds, 7 
'I’read (<‘ieatricle), 327 
Trinoiidal noiiieiielature, 12 1 
Tyiiijiauum, 27-1 

Types of structure, [a) tyj'ieal, [h) sub- 
typical, (c) aberianl. 111 ; (</) tele- 
otypie, (e) prototy[ui.-, 115 

Tncinati’m, os, 245 

Ureters, 317 

Urinary organs, 318 

UrogL'iiilal sinus, 317 

Urujiygial gland (eheodochon), 129 

Urosacrals, 218 


Urostoon, 211 

V.vLrATioN of eharaeters. 112 
Vasa deforeutia, 319 
Vascular capillary, 2!>0 
Venous system, 290 
Venter, 140 

Ventral ]iart of body, 138 
Veiitrieuliis bulbosus, 311 
Vertebra, 203 
Vertebrarteri.al canal, 205 
Vertebrata, {</) aves, (5) ivptilia, 92 
Vesieuhe seminales, 322 
Vexillum, 125 
Vibrissa*, 116 
Vision^ 26 I 

Vitellus (velk\ 326 ; segiueiitatiou of, 
332 

Vitn'ous humour, 272 
Vivi]»arous, 92 
Vomer, 169, 237 

Wads, 8 

Wattles, 1 15 

W»‘t preparations, 72 

Wimlpi|>i‘ (traeln .), 7 I, 75 illifst/i/fion 

Wing-houes, meehanism of, 162 

Wing-<*overts, 162 

Wings, 155; humerus, 157; cuhit or 
autehraehium, {a) ulna, (5) radius, 
olceraiion, carpus, (</) seapholuuaro, 
(5) eiineifonne, iiietaearjuis, 158; 
length of, 16o 
WollHaii bodies, 93, 318 

Xii’HoiD juoeess, 213 

Yki k [ritfllns), 326 ; {a) food, {/>) germ, 
327 

Zona jtelluci.la, 326) 

Zooh)gie.'il <-]i;iracters, 107 ; groujis, 
class, onler, family, genus, species, 
110 

Zygom.i, 230 
^y^J'l'ophysi.s, 202 


THE END 
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